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MILITARY  CURRICULUM  MATERIALS 

The  military-developed  curriculum  materials  in  this  course 
package  were  selected  ^y  the  National  Center  for  Research  in 
Vocational  Education  Military  Curriculum  Project  for  dissem- 
ination to  the  six  regional  Curriculum  Coordination  Centers  and 
other  instructional  materials  agencies.    The  purpose  of 
disseminating  these  courses  was  to  make  curriculum  materials 
developed  by  the  military  more  accessible  to  vocational 
educators  in  the  civilian  setting. 

The  course  materials  were  acquired,  evaluated  by  project 
staff  and  practitioners  in  the  field,  and  prepared  for 
dissemination.   Materials  which  were  specific  to  the  rdlitary 
were  deleted,  copyrighted  materials  were  either  emitted  or  appro- 
val for  their  use  was  obtained.    These  course  packages  contain 
curriculum  resource  materials  which  can  be  adapted  to  support 
vocational  instruction  and  curriculum  development. 


The  National  Center 
Mission  Statement 


The  National  Center  for  Research  in 
Vocational  Education's  mission  is  to  increase 
the  ability  of  diverse  agencies,  institutions, 
and  organizations  to  solve  educational  prob- 
lems relating  to  individual  career  planning, 
preparation,  and  progression.  The  National 
Center  fulfills  its  mission  by: 

•  Generating  knowledge  through  research 

r  Developing  educational  programs  and 
products 

•  Evaluating  individual  program  needs 
and  outcomes 

•  Installing  educational  programs  and 
products 

•  Operating  information  systems  and 
services 

•  Conducting  leadership  development  and 
training  programs 

FOR  FURTHER  INFORMATION  ABOUT 

Military  Curriculum  Materials 
WRITE  OR  CALL 

Program  Information  Office 

The  National  Center  for  Research  in  Vocational 

Education 
The  Ohio  State  University 
1960  Kenny  Road,  Columbus,  Ohio  43210 
Telephone:  614/486-3655  or  Toll  Free  800/ 

848-4815  within  the  continental  U.S. 

(except  Ohio) 


Military  Curriculum 
Materials  for 
Vocational  and 
Technical  Education 


Information  nnd  Field 
Services  Division 


The  National  Center  for  Research 
in  Vocational  Education 


Military 

Curriculum  Materials 
Dissemination  Is  . . . 


What  Materials 
Are  Available? 


How  Can  These 
Materials  Be  Obtained? 


an  activity  to  increase  the  accessibility  of 
military-developed  curriculum  materials  to 
vocational  and  technical  educators. 

This  project,  funded  by  the  U.S.  Office  of 
Education,  includes  the  identification  and 
acquisition  of  curriculum  materials  in  print 
form  from  the  Coast  Guard,  Air  Force, 
Army,  Marine  Corps  and  Navy. 


One  hundred  twenty  courses  on  microfiche 
(thirteen  in  paper  form)  and  descriptions  of 
each  have  been  provided  to  the  vocational 
Curriculum  Coordination  Centers  and  other 
instructional  materials  agencies  for  dissemi- 
nation. ■ 

Course  materials  include  programmed 
instruction,  curriculum  outlines,  instructor 
guides,  student  workbooks  apd  technical 


Contact  the  Curriculum  Coordination  Center 
in  your  region  for  information  on  obtaining 
materials  (e.g.,  availability  and  cost).  They 
will  respond  to  your  request  directly  or  refer 
you  to  an  instructional  materials  agency 
closer  to  you. 


CURRICULUM  COORDINATION  CENTERS 


Access  to  military  curriculum  materials  is 

manuals. 

EAST  CENTRAL 

NORTHWEST 
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William  Daniels 
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The  120  courses  represent  the  following 

Director 

Director 

Education  and  the  Department  of  Defense. 

sixteen  vocational  subject  areas: 

100  North  First  Street 

Building  17 

Springfield,  IL  62777 

Airdustrial  Park 

The  acquired  materials  are  reviewed  by  staff 

Agriculture 

Food  Service 

217/782-0759 

Olympia,WA  98504 

and  subject  matter  specialists,  and  courses 

Aviation 

Health 

206/7530879 

deemed  applicable  to  vocational  and  tech- 

Building & 

Heating  &  Air 

nical  education  are  selected  for  dissemination. 

Construction 

Conditioning 

MIDWEST 

SOUTHEAST 

Trades 

Machine  Shop 

Robert  Patton 

James  F.  Shill,  Ph,D. 

The  National  Center  for  Research  in 

Clerical 

Management  & 

Director 

Director 

Vocational  Education  is  the  U.S.  Office  of 

Occupations 

Supervision 

1515  West  Sixth  Ave. 

Mississippi  State  University 

Education's  designated  representative  to 

Communications 

Meteorology  & 

Stillwater,  OK  74704 

Drawer  DX 

acquire  the  materials  and  conduct  the  project 

Drafting 

Navigation 
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activities. 
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Photography 
Public  Service 
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Project  Staff: 
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Wesley  E.  Budke,  Ph.D.,  Director 

The  number  of  courses  and  the  subject  areas 
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represented  will  expand  as  additional  mate- 
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Developed  by: 

United  States  Air  Force 

Development  and 
Review  Oate*: 

April  8,  1981 


Occupational  Arte: 

Aviation 


Target  Audiences: 

Grades  11  -  Adult 


Print  Pages: 

899 


Availability: 
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National  Center  Clearinghouse 


Contents: 


BLOCK  I  - 


Fundamentals 


BLOCK  II  - 


Engine  and  Propellqr 
Systems  Operation 


BLOCK  III  - 


Propeller  Maintenarce- 


BLOCK  IV  - 


Engine  Repair 


BLOCK  V  - 


Engine  Change, 
Inspection,  Buildup 
and  Rigging 
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Text: 
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Performance 
Objectives: 

Ttsts: 

Review 

Exercises:  1 

Additional  Materials 
Required: 

o 

& 


Group 
Instruction: 

Individualized: 

X    Materials  are  recommended  but  not  provided. 


ERJC 


THE  NATIONAL  CENTER 

FOR  RESEARCH  IN  VOCATIONAL  EDUCATION 


e 


The  Ohio  Stale  University 


I960  Kenny  Road 
Columbus,  Ohio  4321 5 
(614)  486-3655 


  2,. 

Count  Description: 

The  course  trains  students  to  perform  duties  prescribed  in  AFR  39-1  for  Turboprop 
Propulsion  Mechanic.    Training  includes  operation,  removal,  disassembly,  inspection, 
repair,  assembly,  test  and  installation  of  hydraulically  operated  propellers,  controls 
and  accessories.    Operating  principles,  engine  change,  adjustments  and  conditioning 
of  turboprop  engines  and  systems.    Disassembly,  inspection,  repair,  and  assembly 
of  turboprop  engine.    Emphasis  in  ground  safety  practices;  associated  ground  support 
equipment,  and  electrical  fundamentals. 
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CHANUTE  TECHNICAL  TRAINING  CENTER 
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DEPARTMENT  OF  THE  AIR  FORCE 

3330  Technical  Training  Wing  (ATC) 

Chanute  Air  Force  Base,  Illinois  61868 


PLAN  OF  INSTRUCTION  C3ABR42633  000 

(PDS  Code  ZNH) 
8  April  1981 


FOREWORD 


li«J  ™  I  13  P"bllcation  ^  the  plan  of  instruction  (POI)  when  the  pases 

listed  on  page  a  are  bound  into  a  single  volume.    The  POI  contains  the  auafifa! 
ter^T^rT  f°r  C°UrSe  C3AB**2«3  000.  Turboprop  Propulsion  Mechanic  in 
tern,  of  criterion  objectives  for  each  unit  of  instruction  and  sLws  time 

nTun?tsS^n1tru^tLr^\and  1-t"U1«  a"d  ^ida^C Separated 

x»tu  units  or  instruction,  it  becomes  che  lesson  plan/Part  I     Thi«5  pot  ua« 

S^SSS^  ^  Sv^tem^lopmen^:^01^  52-6, 

Lup/LTs?eEDIGN(hDESCoRIPTI0N:  ,The  inst-cti°«*l  design  for  this  course  is 
S       ,      St?P\  The  T"6  tralns  alrnen  t0  Perforn  duti«  prescribed  in 
APR  39-1  for  Turboprop  Propulsion  Mechanic,  AFSC  42633.    Training  includes 
operation    removal,  disassembly,  inspection,  repair,  assembly?  test  and  instal- 
lation of  hydraulically  operated  propellers,  controls  and  accessories  Jperatlna 
S 1".  engine  change,  adjustments  and  conditioning  of  turboprop  engines  an^ 
ZllTi'.  <DiSasSef  ^  i««Pection.  repair,  and  assembly  of  turboprop  engine? 

VT     S3fety  Practice*:  associated  ground  support  ejuipmen?- 
alAnii  ti    T^T UlS;  technical  Publications  and  familiarization  Citn 
anTL^Ji  lnteroedlate.  maintenance  forms,  maintenance  documentation 

addinr     Jit"011"'1"8  38  aPPlicable  "  engine  and  propeller  maintenance  In 
JondltJoning!  tralnln8  *"  P^"6'  °n  c«»»^?-  "Us  and  physJca! 

u?nLa^^koftralnJn8  (lnstructl0"al)  sequence  may  vary  so  that  cross 
utilization  of  equipment  can  be  made. 

as  Trl^f P„E?UIPMENT:,  ^  nUmber  Sh0Wn  ln  P-"ntheses  after  equipment  listed 

number  or  fr 5 ******  T^l  SU??°KT  AND  GUIDANCE  is  the  planned 

number  of  students  assigned  to  each  equipment  unit. 

Secemolr^f55  h^'  P0I,J'  bMed  °n  SpeClalty  Tralnln8  Sta^ard  426X3. 
December  1979,  and  Course  Chart  C3ABR42633  000,  15  December  1980. 


FOR  THE  COMMANDER 


Commander,  3350  Technical  Training 
Group 


Supersedes  POI  C3ABR42533  000,  30  October  1979 
0PR:    3350  Technical  Training  Group 
DISTRIBUTION:    Listed  on  Page  A 
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MAMCO'  INSTRUCTOR 


PLAN  OF  INSTRUCTION/LESSON  PLAN  PART  I 


COURSE  TITLE 

Turboprop  Propulsion  Mechanic 


•LOCK  TITLE 

Fundamentals 


COURSE  CONTENT 


2.      Shop  and  Flight  Line  Safety 

a*      Without  reference,  correctly  explain  basic  facts  of 
accident  prevention.    STS:    3a    Meas:  W 

b.  Without  reference,  correctly  explain  basic  facts  of 
health  hazards.    STS:    3b    Meas:  W 

c.  Without  reference,  correctly  explain  basic  facts  of 
health  protection.    STS:    3b    Meas:  W 

d.  Without  reference,  correctly  identify  basic  facts  of 
shop  and  flight  line  safety  practices.     STS:    3c    Meas:  W 

e.  Without  reference,  correctly  identify  basic  facts  of 
the  foreign  object  damage  prevention  program.    STS:    3d  Meas: 


W 


SICNATURE  AND  DATE 


SUPERVISOR  APPROVAL  OF  LESSON  PLAN 


SIGNATURE  AND  DATE 


POI  NUMBER 

C3ABR42633  000 


BLOCK 
I 


UNIT 

2 


ATC 


FORM 
JUN  7t 


133 


DATE 


8  April  1981 


PAGE  NO. 

3 


PREVIOUS  COITION  OBSOLETE 


-1 


I 


COURSE  CONTENT 


SUPPORT  MATERIALS  AND  GUIDANCE 


Student  Instructional  Materials 
3ABR42633-SG-102  (101),  Ground  Safety  Practices 
3ABR42633-WB-102,  Shop  and  Flight  Line  Safety 

Audio  Visual  Aids 

Selected  35mm  Slides:    Accident  Prevention  Program 
TS  299,  The  Six  Million  Dollar  Screw 
TF  5614,  Foreign  Object  Damage 

Training  Methods 
Lecture/Discussion  (4  hrs) 

Instructional  Guidance 

Discuss  safety  practices  in  shop  and  on  the  flight  line.    Point  out  danger 
areas  of  operating  turboprop  engines  and  the  damage  that  can  be  caused  by 
foreign  objects •    Discuss  the  fire  prevention  program  by  covering  the  classes 
of  fires  and  the  types  of  fire  extinguishers.    Conduct  a  class  tour  of  the 
hangar  area  and  have  the  students  identify  the  elements  of  objectives  2a,  2b, 
2c,  2d,  and  2e.    Have  the  students  start  SIT  assignment  on  how  to  study.  This 
will  be  started  the  last  2  hours  of  day  1.    Make  SIT  assignment  clear,  under- 
standable, when  it  will  be  turned  in  and  how  long  it  will  take  them  to  complete. 
This  SIT  assignment  will  take  them  2  hours  to  complete.    Tell  the  students  they 
will  be  evaluated  on  this  material.    This  satisfies  the  SIT  requirement  for 


PT  52-11. 


POI  C3ABR42633  000 


8  April  1981 


ERIC 
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.                       PLAK  OF  INSTRUCTION/LESSON  PLAN  PART  1  ! 

M6¥miimtion                                             -~coui»sC  t.TLT  

Turboprop  Propulsion  Mechanic  | 

•tOCK  TITLE                                                                                *  1 

Fundamentals 

COURSE  CONTENT 

Z  TIME 

4.      Tools  and  Maintenance  Materials 

a.  Using  a  trainer  and  handtools,  correctly  replace  three 
nuts  and  bolts.    STS:    9a    Meas:  P 

b.  Using  a  trainer  and  a  torque  wrench,  correctly  torque 
three  bolts.    STS:     9b    Meas:  P 

c.  Correctly  explain  facts  relating  to  the  use  of  engine 
hardware  items.     STS:    10a    Meas:  W 

d.  Using  a  trainer  and  handtools,  correctly  safety  three 
assemblies-     STS:    10b    Meas:  P 

e.  Using  a  micrometer,  correctly  measure  the  dimensions 
of  three  items.     STS:    9b    Meas:  P 

15 

(3) 

(3) 
(3) 
(3) 
(3) 

'                                                                           Jurcj<yixJK  AKKRC 

SIGNATURE  AND  DATE 

VAL  OF  LESSON  PLAN 

SIGNATURE  AND  DATE  1 

PO,  NUMBER  I 

C3ABR42633  000  I 

UNIT                    OA  T  E 

4                   8  April  1981 

PASCNO.  1 

7  1 

IV**79        133  PREVIOUS  EDITION  OBSOLETE 


COURSE  CONTENT 


SUPPORT  MATERIALS  AND  CUIDANCM 

Student  Instructional  Materials 
3ABRA:b33-H0-104,  Glossary 
3ABR42633-PT-104,  Mechanic's  Handtools 

3ABR42633-SG-104,  104A,  104B,  104C  (102,  102A,  102B,  102C),  Introduction 

to  Common  Handtools,  Hardware,  Measuring  Devices,  and  Safety  Wiring 
3ABR42633-WB-104  (102D),  Torque  Wrenches 
3ABR42633-WS-104A,  Safety  Devices 
3ABR42633-WB-104B,  Aircraft  and  Engine  Hardware 
3ABR42633-WB-104C,  Micrometers 

Audio  Visual  Aids 

TFA  496a,  Torquing  Equipment  and  Usage  -  Breakaway  Handles 
Training  Equipment 

Trainer,  0182J,  Handtool  Identification  (12) 
Trainer,  Identification  and  Lockwiring  (1) 
Handtools  and  Special  Tools  (2) 
Selected  Hardware  (12) 

Training  Methods 
Programmed  Instruction  (4  hrs) 
Discussion/Demonstration  (5  hrs) 
Performance  (6  hrs) 

Multiple  Instructor  Requirements 
Supervision,  Equipment  (2) 

Instructional  Guidance 

Discuss  the  reasons  why  the  students  should  be  able  to  identify,  use,  and 
care  for  common  handtools.     Identify  tool  nomenclature  using  tools  in  the 
tool  box.     Demonstrate  how  to  properly  use  and  care  for  the  breakaway  torque 
wrench  and  discuss  the  importance  of  torque  control.    Demonstrate  how  to 
lockwire  two  bolts;  then  three  bolts.    Discuss  the  purpose  of  safety  devices 
and  techniques  of  lockwiring.    Then  have  the  students  perform  by  lockwiring 
on  the  designated  trainers.     Point  out  selected  hardware  and  have  the 
students  identify  each.    Distribute  micrometers  to  each  student.  Monitor 
students  closely  as  they  take  several  readings  with  each  micrometer.  Have 
the  students  begin  SIT  assignment.    Make  SIT  assignment  clear,  understandable, 
and  when  it  will  be  completed  and  handed  in.     Inform  the  students  that  they 
will  be  evaluated  on  this  material. 

MIR:    Two  instructors  are  required  for  6  hours  of  performance. 


POI  C3ABR42633  000 


8  April  1981 


ERIC 


PLAN  OF  INSTRUCTION/!.  ESSON  PLAN  PAPT  | 


•LOCK  TITLE 

Fundamentals 


COURSE  TITt-E 

Turboprop  Propulsion  Mechanic 


1. 


COURSE  CONTENT 


5.      Aircraft  and  Engine  Fundamentals 


a.  Without  reference,  correctly  explain  the  meaning  of  aircraft 
designators.     STS:    4a    Meas:    W  aircratt 

b.  Without  reference,  correctly  explain  the  meaning  of  eneine 
designators.     STS:     4a    Meas:    W  engine 

c       Without  reference,  correctly  explain  the  basic  principles 
of  turboprop  engine  operation.     STS:     11a    Meas:     W  "cipies 

features  oTIhT^*™™' '  COrrectl*  identify  the  constructional 

fear..~«    f1^011'  feference»  correctly  explain  the  constructional 
features  of  the  main  shaft  bearings  of  T56  engine.     STS:    11a    Meas:  W 

TS*    I,  ,  USing  T°  1C-130B-2-4>  correctly  state  the  location  of  the 
T56  starter  system.     STS:     llb(l)    Meas:  W 

location  o?1he8  S  r13?3"2"4  ^  2J"T56-2^  correctly  state  the 
location  of  the  T56  ignition  system.     STS:     llb(2)     Meas:  W 

h.      Using  TOs  1C-130B-2-4  and  2J-T56-24,  correctly  state  the 
location  of  the  T56  oil  system.     STS:     llb(3)     Mea"  W 

i-      Using  TOs  1C-130B-2-4  and  2J-T56-24,  correctly  state  the 
location  of  the  T56  fuel  system.     STS:     Ub(4)    Meas:  I 

j.      Using  TO  2J-T56-24,  correctly  state  the  location  of  the 
T56  compressor  airflow  control  system.     STS:     lib (5)    Meas:  W 

k.      Using  TOs  2J-T56-24  and  1C-130B-2-4,  correctly  state  the 
location  of  the  T56  anti-icing  system.     STS:     llb(6)    Meas:  W 

1.      Using  TOs  1C-1303-1  and  2J-T56-7.4,  correctly  state  the 
location  of  the  T56  TIT  indicating  system.     STS:     lib (7)    Meas:  W 

m.      Using  TO  1C-1J0B-1,  correctly  state  the  location  of  the 
fire  warning  system.     STS :     lib (8)    Meas:  W 
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SIGNATURE  AND  DATE 


X  TIME 
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DATK 
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PREVIOUS  COITION  OBSOLETE 


17 


COURSE  CONTENT 


n.      Using  TO  1C-130B-1,  correctly  state  the  location  of  the 
RPM  indicating  system.    STS:    llb(9)    Meas:  W 


(.5) 


o.      Using  TO  1C-130B-1,  correctly  state  the  location  of  the 
torque  indicating  system.    STS:    llb(9)    Meas:  W 


(.5) 


p.      Using  TO  1C-130B-2-4,  correctly  state  the  location  of 
the  negative  torque  signal  system.    STS:    llb(10)    Meas:  W 


(1) 


SUPPORT  MATERIALS  AND  GUIDANCE 


Student  Instructional  Materials 

3ABR42633-PT-105  (103),  Technical  Fundamentals  of  Turboprop  Engines 
3ABR42633-SO-105  (103),  Aircraft  and  Engine  Fundamentals 
3ABR42633-WB-105  (103E),  Jet  Engine  Theory 
3ABR42633-WB-105A,  Aircraft  and  Engine  Designations 
3ABR42633-WB-105B,  T56  Engine  Cases  and  Parts 
3ABR42633-WB-105C.  T56  Engine  Engine  Major  Sections  and  Parts 
3ABR42633-WB-105D,  T56  Engine  Main  Bearings  and  Labyrinth  Seals 
3ABR42633-WB-105E,  T56  Engine  Systems  and  Parts 
TO  1C-130B-1,  Flight  Manual 

TO  1C-130B-2-4,  Maintenance  Instructions  -  Power  Plant 

TO  2J-T56-24,  Illustrated  Parts  Breakdown  -  T56-A-7  Engine 

Audio  Visual  Aids 

Selected  Charts,  Aircraft  and  Engine  Designations;  Turboprop  Engine 

Theory  Engine  Sections,  Bearings,  and  Systems 
TF  1-5364,  An  Introduction  to  Jet  Engines 

Training  Equipment 
T56  Engine  (12) 

Selected  Engine  System  Parts  (12) 
Training  Methods 

Discussion/Demonstration  (22  hrs) 
SIT  Assignment  (2  hrs) 

Instructional  Guidance 

Discuss  aircraft  and  engine  designators  and  have  the  students  identify  the 
designators  as  the  instructor  lists  several  of  each  on  the  chalkboard. 
Refer  students  to  AFR  82-1  for  a  complete  listing  of  aircraft  designators. 
Discuss  principles  of  turboprop  operation.    Tie  in  Newton's  3rd  law  of 
motion  and  Bernoulli's  principle.    Discuss  the  major  sections  of  the  T56 
engine  and  have  students  identify  and  state  the  location  of  each  major 
section.    Discuss  the  T56  engine.    Have  students  identify  the  location, 
type,  and  state  the  constructional  features  of  each  bearing.    Discuss  the 
the  T56  engine  systems  and  have  the  students  identify  the  parts.    Tour  the 
hangar  area  and  accident  investigation  room  if  time  permits. 

POI  C3ABR42633  000  8  April  1981  10 
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PLAN  OF  INSTRUCTION/LESSON  PLAN  PART? 


OURSC  TITLE 

Turboprop  Propulsion  Mechanic 


•COCK  TITLE 

Fundamentals 
T 


COURSE  CONTENT 


1  TIME 


8.      Engine  Preservation  and  Storage 

a.  Using  TOs  2J-1-I8  and  2J-T56-26,  correctly  determine 
the  procedures  for  removing  and  installing  engines  in  shipping 
containers.    STS:    15a    Meas:  W 

b.  Using  TOs  2J-1-18  and  2J-T56-26,  correctly  determine 
the  procedures  to  preserve  and  depreserve  engines.    STS:  15b 
Meas:  W   


2 

(0/2) 


SIGNATURE  AND  DAT* 


SUPERVISOR  APPROVAL  OF  LgSSCN  PLAN 


SIGNATURE  AND  DATE 


POI  NUMSC* 

C3ABR42633  000 


SLOCK 
I 


UNIT 


8 


DATE 


8  April  1981 


PAoe  NO. 

15 


ATC  MH79  133 


PREVIOUS  COITION  O  8 SOt  ETC 


COURSE.  CONTENT 


SUPPORT  MATERIALS  AMD  GUIDANCE 

Student  Instructional  Materials 
3A3R42633-SW-108,  Engine  Preservation  end  Storage 
TO  2J~1-18»  Corrosion  Control  of  Gas  Turbine  Engines 
TO  2J-T56-26,  Field  Maintenance  -  T56-A-7  Engine 

Training  Methods 

SIT  Assignment  (2  hrs) 

Instructional  Guidance 

Make  SIT  assignment  clear,  understandable,  and  when  it  will  be  completed. 
Tell  the  students  this  assignment  will  take  them  2  hours  to  complete. 
Inform  the  students  they  will  be  evaluated  on  this  material.  This 
satisfies  the  SIT  assignment  for  preservation  and  storage* 
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PLAN  OF  INSTRUCTION/L ESSOH  PLAN  PART  1  1 

COURSE  TITLE 

Turboprop  Propulsion  Mechanic 

•LOCK  TITLE 

Engine  and  Propeller  Systems  Operation 

1*                                                            COURSE  CONTENT 

2.  TIME 

1.      Starting  System 

a.      Using  TO  1C-130B-2-4,  correctly  explain  the  purpose  and 
operation  of  the  starting  system.    STS:    llb(l)    Meas:  W 

1 

SUPERVISOR  APPROVAL  OF  L  FS*ON  PL  AH 

SIGNATURE  AMD  DATE 

SIGNATURE  AND  DATE 

POf  NUtiSCM                                                      1  ^ock 

C3ABR42633  000  H 

UNIT            I  DATE 

1       J            8  April  1981 

PAGE  NO 

23 

ATC     j^iTts       133  PREVIOUS  COTION  OMOLETE 


COURSE  CONTENT 


SUPPORT  MATERIALS  AND  GUIDANCE 
Student  Instructional  Materials 

3ABR42633-SG-201/202  (-205),  Turboprop  Engine  Starter  and  Ignition  Systems 
3ABR42633-WB-201/202  (205),  Turboprop  Engine  Starter  and  Ignition  Systems 
10  1C-130B-2-4,  Maintenance  Instructions  -  Power  Plant 

Training  Equipment 
T56-A-7  Engine  (12) 
QEC  Kit  (12) 

Training  Methods 
Lecture/Discussion  (1  hr) 

Instructional  Guidance 

Explain  the  purpose  and  operation  of  the  starting  system.    Use  the  TOs 
and  a  T56  engine  to  trace  the  operation  of  the  starting  system.  Stress 
management  of  defense  energy  resources  and  materials  conservation 
throughout  Block  II.    Stress  safety  throughout  Block  II. 
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PLAM  OF  INSTRUCTION/LESSON  PLAN  PART  1 

NAMCOF  INSTNUCTdK 

COUftSC  TITLE 

Turboprop  Propulsion  Mechanic 

•LOCK  TITLf 

Engine  and  Propeller  Systems  Operation 

1.                                                            COURSE  CONTENT 

1  TIME 

2.      Ignition  System 

a.     Using  TO  1C-130B-2-4,  correctly  explain  the  purpose  and 
operation  of  the  ignition  system.    STS:    lib (2)    Meas:  W 

1 

SUPERVISOR  APPROVAL  OP  LF«AW  PI  AN 

SIGNATURE  AMD  DATE 

SIGNATURE  AND  DATE 

POI  NUMtCft  SLOCK 

C3ABR42633  000  II 

UNIT  OATC 

2                  8  April  1981 

A  AGE  NO. 

25 

ATC  133  **ZVIOUS  COITION  OSWLfTK 


0 
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COURSE  CONTENT 


SUPPORT  MATERIALS  AND  GUIDANCE 

Student  Instructional  Materials 
3ABR42633-SG-201/202  (205) 
3ABR42633-WB-201/202  (205) 
TO  1C-130B-2-4 

Audio  Visual  Aids 

Selected  Charts,  T56  Ignition  System 

Training  Equipment 
T56-A-7  Engine  (12) 

Training  Methods 
Lecture/Discussion  (1  hr) 

Instructional  Guidance 

Explain  the  purpose  and  operation  of  the  ignition  system.    Use  the  TO 
and  a  T56  engine  to  trace  the  operation  of  the  ignition  system.    The  last 
4  hours  of  day  one  will  be  used  for  removal,  inspection,  and  installation 
of  the  starting  and  ignition  system  components.    These  4  hours  are  taken 
from  unit  12  of  instruction  covering  remove,  inspection,  and  installation 
of  accessories. 
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PLAH  OF  INSTRUCT!  OH /LES20M  PL  AM  PAtfT 


11 


COUM t  TITVK 

Turboprop  Propulsion  Mechanic 


•cock  titci  ~~ 
Engine  and  Propeller  Systems  Operation 


1. 


CPU  Rig  CONTENT 


2.  TIME 


3*     Compressor  Airflow  Control  System 

*♦  Using  TO  1C-130B-2-4,  correctly  explain  the  purpose  and 
operation  of  the  compressor  airflow  control  system.  STS:  llb(5) 
Meas:    W   x-jL 


2 

(1/1) 
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COURSE  CONTENT 


SUPPORT  MATERIALS  AND  GUIDANCE 
Student  Instructional  Material* 

3ABR42633-SG-203  (207) ,  Turboprop  Compressor  Bleed  System 
TO  1C-130B-2-4 

Audio  Visual  Aids 

Selected  Chart a,  Compressor  Bleed  System 

Training  Equipment 
T56-A-7  Engine  (12) 

Training  Methods 
Lecture/Discusaion  (1  hr) 
SIT  Assignment  (1  hr) 

Instructional  Guidance 

Explain  the  purpoae  and  operation  of  the  compressor  bleed  system.  Uae 
the  TO  and  a  T56  engine  to  trace  the. operation  of  the  compressor  bleed 
system. 
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PLAN  OF  IHSTRUCTION/LESSON  PLAH  PARTI 


OCUMC  TITLE 

Turboprop  Propulsion  Mechanic 


•LOCK  TITLE 

Engine  and  Propeller  Systems  Operation 


li  t(mE 


1. 


COURSE  CONTENT 


4.      RPM  and  Torque  Indicating  Systems 

a.      Using  TOs  1O130B-2-4  and  1O130B-2-6,  correctly  explain 
the  purpose  and  operation  of  the  RPM  indicating  system.    STS:    lib  (9) 
Meas:  W 


2 

(1/1) 


b.      Using  TOs  1O1303-2-4  and  1O130B-2-6,  correctly  explain 
the  purpose  and  operation  of  the  torque  indicating  system. 
STS:    lib (91   Meas:  W 
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SIGNATURE  AMD  DATE 


POt  NUMBER 
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ATC 


FORM  m 
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*OCX 
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SIGNATURE  AND  DATE 


UNIT 
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29 
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COURSE  CONTENT 


SUPPORT  MATERIALS  AND  GUIDANCE 


Student  Instructional  Materials 

3ABR42633-WB-204,  Turboprop  Engine  RPM  and  Torque  Iudi 
TO  1C-130B-2-4 
TO  1C-130B-2-6,  Maintenance  Instructions  -  Instruments 


Audio  Visual  Aids 

Selected  Transparencies,  RPM  and  Torque  Indicating  Systems 

Training  Equipment 
T56-A-7  Engine  (12) 

Training  Methods 
Lecture/Discussion  (1  hr) 
SIT  Assignment  (1  hr) 

Instructional  Guidance 

Explain  the  purpose  and  operation  of  the  RPM  and  torque  indicating  systems. 
Use  TOs,  transparencies,  and  a  T56  engine  to  trace  the  operation  of  the 
RPM  and  torque  indicating  systems. 
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f-t.AH  OF  INSTRUCTION/LESSON  PL  AM  PART  I 


AT 


COUMC  TITLE 

Turboprop  Propulsion  Mechanic 


•LOCK  TITLE 

Engine  and  Propeller  Systems  Operation 


I. 


COURSE  CONTEXT 


5.      Anti-Icing  System 

a.      Using  TO  1O130B-1,  correctly  explain  the  purpose  and 
operation  of  the  anti-icing  system.     STS:    llb(6)    Meas:  W 


1  TIME 


SUPERVISOR  APPROVAL  OF  LESSON  PLAN 


SIGNATURE  AND  DATE 


POl  NUMBER 
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SLOCK 

II 
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FORM 
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SIGNATURE  AND  DATE 


UNIT 


DATE 


8  April  1981 


133 


PREVIOUS  EDITION  OBSOLETE 


PAGE  NO. 

31 


2i) 


COURSE  CONTENT 


SUPPORT  MATERIALS  AND  GUIDANCE 
Student  Instructional  Materials 

3ABR42633-SG-205/221  (214),  Propeller  and  Engine  Anti-Icing  and 

De  icing  Systems 
TO  1C-130B-1,  Flight  Manual 

Audio  Visual  Aid 8 

Selected  Charts,  T56  Anti-Icing  System 

Training  Equipment 
T56-A-7  Engine  (12) 

Training  Methods 
Lecture/Discussion  (1  hr) 

Instructional  Guidance 

Explain  the  purpose  and  operation  of  the  anti-icing  system.  Use  the  TO 
«nd  charts  to  trace  the  operation  of  the  anti-icing  system.  During  the 
last  3  hours  of  day  two,  the  students  will  perform  removal,  inspection, 
«nd  installation  of  the  compressor  airflow  control,  RPM,  torque  indicating, 
and  anti-icing  systems  on  the  T56  engine.  These  3  hours  are  taken  from 
unit  12  covering  removal,  inspection,  and  installation  of  accessories. 
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|                                    PLAN  OF  INSTRUCTION/LESSON  PLAN  PART  1  ] 

|-n^fcvr,n*.nyv.lUH                                                                                     CO  U  USE  TITLE  I 

L                                                                 Turboprop  Propulsion  Mechanic  1 

1  Engine  and  Propeller  Systems  Operation  | 

1  ■•                                                             COURSE  CONTENT 

2.   TIME  1 

1  6.      Oil  System 

a.      Using  TOs  1C-130B-2-4  and  2J-T56-26,  correctly  explain  the 
I  Purpose  and  operation  of  the  oil  system.    STS:    lib (3)    Meas:  W 

I           b.      Without  reference,  correctly  identify  the  purpose  and 
1  operation  of  the  SOAP.     STS:     12d    Meas:  W 

1 

8 

(6/2) 
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COURSE  CONTENT 


SUPPORT  MATERIALS  AND  GUIDANCE 


Student  Instructional  Materials 

3ABR42633-SG-206  (201),  Turboprop  Engine  Oil  System 
3ABR42633-WB-206  (201),  Turboprop  Engine  Oil  System 
TO  1C-130B-2-4 

TO  2J-T56-26,  Field  Maintenance 
Audio  Visual  Aids 

Selected  Transparencies,  T56  Oil  System 
Selected  Charts,  T56  Oil  System 

Training  Equipment 
T56-A-7  Engine  (12) 
QEC  Kit  (12) 

Training  Methods 
Lecture/Discussion  (6  hrs) 
SIT  Assignment  (2  hrs) 

Instructional  Guidance 

Explain  the  purpose  and  operation  of  the  oil  system.    Use  the  TOs, 
charts,  transparencies,  and  T56  engine  to  trace  the  operation  of  the 
oil  system. 
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PLAN  OF  INSTRUCTION/LESSON  PLAN  PART  1 

mamiof  iNrrmiCTOR 

OOUflSC  TITLE 

Turboprop  Propulsion  Mechanic 

•LOCK  TITLE 

Engine  and  Propeller  Systems  Operation 

1.                                                           COURSE  COMTcHT 

2.  TIME 

7.      Fuel  System 

a.      Using  TO  1C-130B-2-4,  correctly  explain  the  purpose  and 
operation  of  the  fuel  system.    STS:    lib (4)    Heas:  W 

8 

(6/2) 

SUPERVISOR  APPROVAL  OP  LtSSCH  PLAN 

SIGNATURE  AND  DATE 

SIGNATURE  AND  DATE 

POl  NUMBER                                                           PL  OCX 

C3ABR42633  000  II 

UNIT  DATE 

7                  8  April  1981 

PAQE  NO. 

35 
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COURSE  CONTENT 


SUPPORT  MATERIALS  AND  GUIDANCE 
Student  Instructional  Materials 

3AER42633-SG-2G7  (203),  Turboprop  Engine  Fuel  System 
3ABR42633-WB-207  (203),  T56  Engine  Fuel  System 
TO  1C-130B-2-4 

Audio  Visual  Aids 

Selected  Charts,  T56  Fuel  System 

Training  Equipment 
T56-A-7  Engine  (12) 
QEC  Kit  (12) 

Training  Methods 
Lecture/Discussion  (6  hrs) 
SIT  Assignment  (2  hrs) 

Instructional  Guidance 

Explain  the  purpose  and  operation  *f  the  fuel  system.  Use  the  charts, 
TO,  and  T56  engine  to  trace  the  operation  of  the  fuel  system. 
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PL *H  Of  INSTRUCTIOH/LESSOH  PLAH  PARTI 


OOUMC  TITUC 

Turboprop  Propulsion  Mechanic 


•COCK  TITLE 

Engine  and  Propeller  Systems  Operation 


I  TikE 


COURSE  CONTENT 


8.     Temperature  Datum  System 

a.     Using  TO  1C-130B-2-4,  correctly  identify  the  purpose  and 
operation  of  the  temperature  datum  system.    STS:    lib (13)    Meas:  W 


5 

(3/2) 


SUPERVISOR  APPROVAL  Of  LESSON  PLAX 


SIGNATURE  AND  DATE 


SIGNATURE  AND  DATE 


*Ol  NUtttCft 
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COURSE  CONTENT 


SUPPORT  MATERIALS  AND  GUIDANCE 

Student  Instructional  Materials 
3ABR42633-SG-208  (217),  Temperature  Datum  System 
3ABR42633-WB-208  (217),  Temperature  Datum  System 
TO  1C-130B-2-4 

Audio  Visual  Aids 

Selected  Charts,  Temperature  Datum  System 

Training  Equipment 
T56-A-7  Engine  (12) 
QEC  Kit  (12) 

Training  Methods 
Lecture/Discussion  (3  hrs) 
SIT  Assignment  (2  hrs) 

Instructional  Guidance 

Explain  the  purpose  and  operation  of  the  temperature  datum  system.  Use 
the  TO,  charts  and  T56  engine  to  trace  the  operation  of  the  temperature 
datum  system* 


POI  C3ABR42633  000  8  April  1981  '  38~ 


ERIC  36 


9 

ERLC 


UAUfSllklTNJeWlk 


PLAH  OF  INSTRUCTION/LESSON  PL  AH  PART  1 


OOURSC  TITLE 

Turboprop  Propulsion  Mechanic 


•LOCK  TITLE 

Engine  and  Propeller  Systems  Operation 


1. 


COURSE  CONTENT 


9.      TIT  and  Fire  Warning  Systems 

a.  Using  TOs  1C-130B-2-4  and  2J-T56-26,  correctly  explain 
the  purpose  and  operation  of  the  TIT  system.    STS:    lib (7) 
Meas:  W   

b.  Using  TO  1C-130B-1,  correctly  explain  the  purpose  and 
operation  of  the  fire  warning  system.    STS:    llb(8)    Meas:  W 


1  TIME 


SUPERVISOR  APPROVAL  OF  LESSCN  PLAN 


SIGNATURE  AMD  DATE 


POl  NUMBER 

C3ABR42633  000 


ATC  fun?*  133 


BLOCK 

II 


SIGNATURE  AMD  DATE 


UNIT 


DATE 


8  April  1981 


PREVIOUS  EOITION  O  BIOL ETE 


PAGE  NO. 

39 
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« 

• 

t 
* 

COURSE  CONTENT 

SUPPORT  MATERIALS  AND  GUIDANCE 

Student  Instructional  Materials 

3ABR42633-WB-2C9  (202) ,  Turboprop  Engine  TIT  and  Fire  Warning  Svstem 
TO  1C-130B-1 
TO  1C-130B-2-4 
TO  2J-T56-26 

Audio  Visual  Aids 

Selected  Transparencies,  TIT  and  Fire  Warning  Systems 
Selected  Charts,  TIT  System 

Training  Methods 
Lecture/Discussion  (2  hrs) 

Instructional  Guidance 

Explain  the  purpose  and  operation  of  the  TIT  and  fire  warning  systems. 
Use  TOs,  transparencies,  and  charts  to  trace  the  operation  of  the  TIT 
and  fire  warning  systems. 

• 
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PLAM  OF  INSTRUCTION/LESSON  PLAN  PART  1                              Z  ~± 

COUftSE  TlTVE                                                     ^  w 

Turboprop  Propulsion  Mechanic 

SLOCK  TITUS 

Engine  and  Propeller  Systems  Operation 

1.                                                          COURSE  CONTENT 

1  TIN* 

10*    Negative  Torque  Signal  System 

1 

a.     Using  TO  1C-130B-2-4,  correctly  identify  the  purpose 
and  operation  of  the  negative  torque  signal  system.    STS:  llb(10) 
Meas:    W   — 


SUPERVISOR  APPROVAL  OF  LESSON  PLAN 

SIGNATURE  AND  DATE 

SIGNATURE  AND  DATE 

POX  NU* SCR  •LOCK 

C3ABR42633  000  II 

UNIT           1    DATE  1 

10     J             8  April  1981 

PACE  NO. 

41 
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COURSE  CONTENT 


SUPPORT  MATERIALS  AND  GUIDANCE 
Student  Instructional  Material* 

3ABR42633-SG-210  (206),  Negative  Torqua  Signal  System 
TO  1C-130B-2-4 

Audio  Visual  Aids 

Selected  Charts*  Negative  Torque  Signal  System 

Training  Equipment 
T56-A-7  Engine  (12) 

Training  Methods 
Lecture/Discussion  (1  hr) 

Instructional  Guidance 

Explain  the  purpose  and  operation  of  the  negative  torque  system.  Use 
TOs  and  charts  to  trace  the  operation  of  the  negative  torque  system. 
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PLAN  OF  INSTRUCTION/LESSON  PLAN  PART  1 

COURSE  TlTUE 

Turboprop  Propulsion  Mechanic 

•LOCK  TITUC 

Engine  and  Propeller  Systems  Operation 

h                                                            COURSE  CONTENT 

2.  TIME 

11.    Maintenance  Documentation 

a.      Using  TO  1C-130B-06,  AFTO  Forms  349  and/or  350,  correctly 
document  removal,  inspection,  and  installation  of  selected  engine 
accessories.    STS:    8c    Meas:  P 
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SUPERVISOR  APPROVAL  OF  LESION  PLAN 

SIGNATURE  AND  DATE 

SIGNATURE  AND  DATE 

rot  NUMtCft  B^OCK 

C3ABR42633  000                           ;  II 

UNIT  DATE 

11               8  April  1981 

PAGE  NO. 
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erJc 
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COURSE  CONTENT 


SUPPORT  MATERIALS  AND  GUIDANCE 

Student  Instructional  Materials 
3ABR42633-WB-211,  Maintenance  Documentation 

TO  00-20-2-4,  Maintenance  Documentation  for  In-Shop  Engine  Maintenance 

TO  1C-130A-06,  Work  Unit  Code  Manual 

TO  1C-130B-2-4 

TO  2J-T56-26 

AFTO  Forms  349  and  350 

Training  Methods 

SIT  Assignment  (4  hrs) 

Instructional  Guidance 

Students  will  complete  documentation  of  removal,  inspection,  and 
installation  of  selected  engine  accessories.    This  will  be  done 
during  SIT  on  days  6  and  7. 
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PLAN  OF  INSTRUCTION/LESSON  PLAN  PART  I 


COURSE  TITLE 

Turboprop  Propulsion  Mechanic 


•LOCK  TITLE 

Engine  and  Propeller  Systems  Operation 


1. 


COURSE  CONTENT 


12.    Removal,  Inspection,  and  Installation  of  Accessories 

a.  Using  TOs  1C-130B-2-4  and  2J-T56-26,  correctly  remove, 
inspect,  and  install  selected  starter  and  ignition  system  components, 
STS:    13d(7)    Meas:  P 

b.  Using  TOs  1C-130B-2-4  and  2J-T56-26,  correctly  remove, 
inspect,  and  install  selected  airflow  control  and  anti-icing  system 
components.    STS:    13d (7)    Meas:  P 

c.  Using  TOs  1C-130B-2-4  and  2J-T56-26,  correctly  remove, 
inspect,  and  install  selected  oil,  fuel,  and  temperature  datum 
system  components.     STS:     13d(7)    Meas:  P 


SUPERVISOR  APPROVAL  OF  LESSON  PLAN 


SIGNATURE  AND  DATE 


POI NUMBER 

C3ABR42633  000 


.OCX 

11 


SIGNATURE  AMD  DATE 


UNIT 
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ATC 


FORM  ill 
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PREVIOUS  eOlTION  OMOLCTE 
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1  TIMS 


23 
(4) 

(3) 

(16) 


PAGE  NO. 

45 


COURSE  CONTENT 


SUPPORT  MATERIALS  AND  GUIDANCE 


Student  Instructional  Materials 

TO  1C-130B-2-4  , 

TO  2J-T56-26 

Training  Equipment 
T56-A-7  Engine  (6) 
Selected  Hand tools  (6) 

Training  Methods 
Performance  (23  hrs) 

Multiple  Instructor  Requirements 
Safety,  Equipment,  Facilities 

Instructional  Guidance 

Objective  12a  will  be  done  on  day  1.    Objective  12b  will  be  done  on  day  2. 
Objective  12c  will  be  done  on  days  6,  7,  and  8.    During  these  periods,  the 
students  will  remove,  inspect,  and  install  selected  accessories  using  the 
applicable  technical  orders. 

MIR:  Two  instructors  are  required  for  23  hours  during  student  performance. 
13.    Written  Test  and  Critique  2 
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PLAM  OF  IHSTRUCTIOM/LESSON  PLAN  PART  1 

COURSE  TITLE 

Turboprop  Propulsion  Mechanic 

•LOCK  TITLE 

Engine  and  Propeller  Systems  Operation 

1.                                                             COURSE  CONTENT 

1  TIME 

14.    Propeller  Technical  Orders 

a.  Using  TO  1C-130B-2-11,  correctly  locate  specific 
information  in  the  technical  order.     STS:    4b  Meas:  P 

b.  Using  TO  3H1-18-2,  correctly  locate  specific 
information  in  the  technical  order.     STS:    4b  Meas:  P 

c.  Using  TO  3H1-18-4,  correctly  locate  specific 
information  in  the  technical  order.     STS:    4b  Meas:  P 


SUPERVISOR  APPROVAL  OF  LESr,CN  PLAN 


SIGNATURE  AND  DATE 

SIGNATURE  AND  DATE 

POl  numbe* 

C3ABR42633  000 

BLOCK 

II 

UNIT 

14 

DATE 

8  April  1981 

PAGE  NO. 
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FORM  PREVIOUS  EOITION  OBSOLETE 

JUN  7B  ,JJ 


COURSE  CONTENT 


SUPPORT  MATERIALS  AND  GUIDANCE 
Student  Instructional  Materials 

3ABR42633-SG-214  (210),  Propeller  Technical  Publications 
3ABR42633-WB-214  (210),  Propeller  Technical  Publications 
TO  1C-130B-2-11,  Maintenance  Instructions  -  Propeller 
TO  3H1-18-2,  Field  Maintenance  Instructions  -  Variable  Pitch 

Aircraft  Propeller 
TO  3H1-18-4,  Illustrated  Parts  Breakdown  -  Variable  Pitch 

Aircraft  Propeller 

Training  Methods 

Demonstration/Performance  (3  hrs) 
Instructional  Guidance 

Explain  the  importance  of  technical  orders  on  the  job  and  demonstrate 
how  to  use  them.    Students  will  then  use  the  technical  orders  to 
complete  WB-214. 


POI  C3ABR42633  000 
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PLAH  OF  INSTRUCTION/LESSON  PLAN  PART  1 

UWK&rkUfWeWfl  cdumitiyT* 

Turboprop  Propulsion  Mechanic 

Engine  and  Propeller  Systems  Operation 

!•                                                          COURSE  CONTENT 

Z  TIME 

15.    Propeller  Fundamentals 

a.  Without  reference,  correctly  explain  the  propeller  function 
and  operating  principles.    STS:    20a   Meas:  W 

b.  Without  reference,  correctly  explain  the  operation  of 
propellers  on  aircraft.    STS:    20c   Meas:  W 

c.  Using  TOs  1C-130B-2-11  and  3H1-18-2,  correctly  explain 
the  constructional  features  of  the  5AH60  propeller.    STS:  20b 
Keas:  W   

8 

(6/2) 

SUPERVISOR  APPROVAL  OF  LF*V>M  PI  AM 
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COURSE  CONTENT 


SUPPORT  MATERIALS  AND  GUIDANCE 

Student  Instructional  Mate riala 
3A1RA2633-SG-215  (209),  Propeller  Fundamentals 
3A1R42633-WB-215  (209).  Propeller  Fundamentels 

Training  Equipment 
Propeller  Aaeembly  (12) 

Training  Methods 
Discusslon/Demonetretion  (6  hre) 
SIT  Assignment  (2  hre) 

Instructional  Guldence 

Explain  the  beelc  operetlng  prlnclplee  of  e  propeller  on  end  off  en 
eirereft  end  the  operetlng  prlnclplee  of  the  5AH60  propeller.  Identify 
end  expleln  the  major  parts  end  constructional  featuree  of  the  5AH60 
propeller.    Take  etudente  Into  the  leb  and  have  them  Identify  the  parte 
of  the  54H60  propeller. 
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PLAN  OF  INSTRUCTION/LESSON  PL  AH  PART  I 


NAMCOF  if«»f 


COURIC  TITUC 

Turboprop  Propulfiiop  Mer.hanir 


HOC*  TITLE 

Engine  and  Propeller  Systems  Operation 

"  COURSE  CONTEXT" 


t  TIME 


16.    Measuring  Tools 


a.  Using  a  universal  protractor,  measure  the  angle  of  three 
propeller  blades  within  1  degree  of  the  instructor's  reading. 
STS:    9b    Meas:  P 

b.  Using  a  PSM-37  multimeter  and  an  electrical  trainer, 
correctly  trace  three  electrical  circuits.    STS:    19c    Meas:  P 


SUPERVISOR  APPROVAL  OF  LESSON  PLAH_ 


SIGNATURE  AND  DATE 
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COURSE  CONTENT 


SUPPORT  MATERIALS  AND  GUIDANCE 

Student  Instructional  Materials 
3ABR42633-SG-216  (215),  Measuring  Tools 
3ABR42633-WB-216  (215),  Measuring  Tools 

Training  Equipment 

Trainer,  PSM-37  Multimeter  (12) 

Trainer,  Universal  Protractor  (12) 

PSM-37  Multimeter  (2) 

Universal  Protractor  (2) 

54H60  Propeller  (6) 

Training  Methods 
Discussion/Demonstration  (2  hrs) 
Performance  (2  hrs) 

Multiple  Instructor  Requirements 
Safety,  Equipment,  Facilities  (2) 

Instructional  Guidance 

Demonstrate  to  the  students  how  to  use  the  PSM-37  multimeter  and  the 
universal  protractor.    Take  the  students  into  the  lab  and  have  them 
measure  three  different  blade  angles. 

MIR:    Two  instructors  are  required  for  2  hours  during  student  performance, 
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PLAN  OF  INSTRUCTION/LESSON  PLAH  PART  1 

COURSE  TITLE 

Turboprop  Propulsion  Mechanic 

■LOCK  TITLE 

Engine  and  Propeller  Systems  Operation 

1.                                                          COURSE  CONTENT 

1  TlMfc 

17.    Propeller  Electrical  Systems 

a*     Without  reference,  correctly  identify  the  principles  of 
basic  electricity  related  to  propeller  electrical  circuits. 
STS:    19a    Meas:  W 

b.  Without  reference,  correctly  identify  the  hazards  involved 
with  working  on  propeller  electrical  systems.    STS:    19a   Meas:  W 

c.  Without  reference,  correctly  trace  the  condition  lever 
feather  circuit  on  the  propeller  electrical  diagram.    STS:  19b 
Meas:  P 

d.  Without  reference,  correctly  trace  the  emergency  feather 
circuit  on  the  propeller  electrical  diagram.    STS:    19b    Meas:  P 

e.  Without  reference,  correctly  trace  the  airstart  circuit 
on  the  propeller  electrical  diagram.    STS:    19b    Meas:  P 
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SIGNATURE  AMD  DATE 
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COURSE  CONTENT 


SUPPORT  MATERIALS  AND  GUIDANCE 
Student  Instructional  Materials 

3ABR42633-HO-217  (211),  Propeller  Feather  and  Air  Start  Control 
3ABR42633-SG-217  (211) ,  Electrical  Safety  and  the  Maintenance  Man 
3ABR42633-WB-217  (211),  Propeller  Electrical  System 
3ABR42633-SG-217A  (211A)  ,  Fundamentals  of  AC  and  DC  Electricity 
3ABR42633-SG-217B  (211B),  Propeller  Electrical  System 

Audio  Visual  Aids 

Chart,  Propeller  Feather  and  Air  Start  Schematic 

T;. aining  Methods 
Lecture/Discussion  (1  hr) 
Demonstration/Performance  (2  hrs) 
SIT  Assignment  (4  hrs) 

Instructional  Guidance 

Discuss  with  the  students  the  fundamentals  of  AC  and  DC  electricity.  Go 
over  the  safety  practices  to  be  followed  and  the  dangers  that  exist  when 
working  with  electricity*  Demonstrate  to  the  students  how  to  trace  the 
condition  lever  feather,  T-handle  feather,  and  air  start  circuits*  Have 
the  students  trace  the  above  mentioned  circuits  on  the  propeller  feather 
schematic  diagram* 
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PLAN  OF  INSTRUCTION/LESSON  PL  AM  PART  1 

OOUfttK  TITVt 

Turboprop  Propulsion  Mechanic 

hock  nn.  1 

Engine  and  Propeller  Systems  Operation 

L                                                            COURSE  CONTENT 

2.  YImE 

18.    Propeller  Control  System  Construction  Features 

a.      Using  TOs  1C-130B-2-11  and  3H1-18-2,  correctly  explain 
the  constructional  features  of  the  propeller  control  assembly. 
STS:    21b    Meas:  W 
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COURSE  CONTENT 


SUPPORT  MATERIALS  AND  GUIDANCE 

Student  Instructional  Materials 
3ABR42633-SG-218,  Propeller  Control  System 
3ABR42633-WB-218,  Propeller  Control  System 
TO  1C-130B-2-11 
TO  3H1-18-2 

Amjlo  Visual  Aids 

Selected  Charts,  54H60  Propeller 

Training  Methods 
Lecturo/Dlscusslon  (6  hrs) 
SIT  Assignment  (2  hrs) 

Instructional  Guidance 

Explain  the  major  parts  and  constructional  features  of  the  propeller 
control  assembly. 
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PL  AH  OF  INSTRUCTION/LESSOM  PLAW  PART  I 

COURlt  TITLC 


Turboprop  Propulsion  Mechanic 


■LOCK  TITLE 

Engine  and  Propeller  Systems  Operation 


1. 


COURSE  CONTENT 


Z  TIMt 


19.    Propeller  Control  System  Functions  and  Operating  Principles 

a.      Using  TOs  1C-130B-2-11  and  3H1-18-2,  correctly  explain  the 
operating  principles  of  the  propeller  control  assembly.    STS:  21a 
Meas:  W 
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COURSE  CONTENT 


SUPPORT  MATERIALS  AND  GUIDANCE 

Student  Instructional  Materials 
3ABR42633-SG-219,  Propeller  Control  System 
3ABR42633-WB-219,  Propeller  Control  System 
TO  1C-130B-2-11 
TO  3H1-18-2 

Audio  Visual  Aids 

Selected  Charts,  Propeller  Hydraulic  System 
Training  Methods 

Demonstration/Performance  (6  hrs) 
SIT  Assignment  (2  hrs) 

Instructional  Guidance 

Explain  the  operating  principles  of  the  propeller  control  assembly  and  show 
the  oil  flow  through  the  components •    Have  the  students  trace  the  oil  flow 
in  WB-219. 
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PLAN  OF  INSTRUCTION/L  ES30N  PLAN  PART  1 

NAME 0  f  INSTRUCTOR 

COURSE  TITLE 

Turboprop  Propulsion  Mechanic 

BLOCK  TITLE 

Engine  and  Propeller  Systems  Operation 

\.                                                            COURSE  CONTENT 

1  TIME 

20.    Propeller  Modifications 

a.      Without  reference,  correctly  identify  simple  facts 
pertaining  to  the  modification  of  propeller  systems.    STS:  20g 
Meas:  W 
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SUPERVISOR  APPROVAL  OF  LESiO"  PL  AM 
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SIGNATURE  AND  DATE 
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UNIT  DATE 
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COURSE  CONTENT 


SUPPORT  MATERIALS  AND  GUIDANCE 
Student  Instructional  Materials 

3ABR42633-SG-220  (209A),  Modification  of  Propeller  Systems 

Training  Methods 

SIT  Assignment  (1  hr) 

Instructional  Guidance 

Hand  out  SG-220  to  the  students.  They  will  read  this  study  guide  and 
answer  the  questions  at  the  end  on  a  separate  sheet  of  paper. 
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PL  AW  OF  INSTRUCTION/LESSON  PL>H  PART  I 
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WAU*6f  InSTruCto* 


COURSE  TITLE 

Turboprop  Propulsion  Mechanic 


•LOCK  TITLE 

Engine  and  Propeller  Systems  Operation 


J. 


COURSE  CONTENT 


II  TIMS 


21.    Propeller  Anti-Icing  and  Deicing 

a.  Using  TOs  1C-130B-2-11  and  3H1-18-2,  correctly  determine 
the  procedure  for  the  operation  of  the  propeller  anti-icing  system. 
STS:    201    Meas:  W 

b.  Using  TOs  1C-I30B-2-11  and  3H1-18-2,  correctly  determine 
the  procedure  for  the  operation  of  the  propeller  deicing  system. 
STS:    201    Meas:  W 
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COURSE  CONTENT 


SUPPORT  MATERIALS  AND  GUIDANCE 

Student  Instructional  Materials 
3ABR42633-SG-205/221  (214) 

3ABR42633-WB-221  (214),  Propeller  aad  Engine  Anti-Icing  and 

Deicing  Systems 
TO  1C-130B-2-11 
TO  3H1-18-2 

Audio  Visual  Aids 

Selected  Charts,  Propeller  Anti-Icing  and' Deicing  Systems 
Training  Equipment 

Trainer,  54H60  Propeller  Anti-Icing  (12) 

Training  Methods 
Lecture/Discussion  (2  hrs) 
Demonstration  (1  hr) 
SIT  Assignment  (1  hr) 

Instructional  Guidance 

Explain  the  purpose  and  operation  of  the  propeller  anti-icing  and  deicing 
systems.    Use  the  TOs  and  charts  to  trace  the  operation  of  the  systems. 
Take  the  students  to  the  lab  and  demonstrate  the  operation  of  the  two 
systemr,  on  the  anti-icing  and  deicing  trainer* 
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PLAN  OF  INSTRUCTION/LESSON  PLAH  PART  1 

COURSC  TITLK 

Turboprop  Propulsion  Mechanic 

•LOCK  TITLE 

Engine  and  Propeller  Systems  Operation 

1.                                                            COURSE  CONTEXT 

2.  TIME 

22.    Blade  Repair 

a.      Using  TO  3H1-18-2,  correctly  repair  one  propeller 
blade,    STS:    20f    Meas:  P 

3 
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COURSE  CONTENT 


SUPPORT  MATERIALS  AND  GUIDANCE 


Student  Instructional  Materials 

3ABR42633-SG-222  (216),  Inspection  and  Blade  Repair 
3ABR42633-WB-222  (216),  Inspection  and  Blade  Repair 
TO  3H1-18-2 

Training  Equipment 
Aluminum  Propeller  Blades  (4) 
Dial  Indicator  (12) 
Blade  Repair  Files  (2) 

Training  Methods 

Demonstration/Performance  (3  hrs) 

Multiple  Instructor  Requirements 
Safety,  Equipment,  Facilities  (2) 

Instructional  Guidance 

Demonstrate  how  to  repair  a  propeller  blade.    Take  the  students  to  the 
lab  and  have  them  repair  a  propeller  blade. 

MIR:    Two  instructors  are  required  for  2  hours  during  student  performance. 
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PL*H  OP  INSTRUCTtOH/LEISON  PLA!I  PAKT I 


•LOCK  YITLK 

Engine  and  Propeller  Systems  Operation  

>*  COURSE  CONTENT 


OOUttSt  TITVI 

Turboprop  Propulsion  Mechanic 


23.    Propeller  System  Malfunctions 

a.      Without  reference,  isolate  minor  malfunctions  in 
propeller  systems.    STS:    20h    Meas:  P 


2.  TIME 


I—                                                    SUPERVISOR  APPROVAL  OP  LP«U  U  PI  ^ 

I                             SIGNATURE  AMD  DATE 
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COURSE  CONTENT 


SUPPORT  MATERIALS  AND  GUIDANCE 
Student  Instructional  Materials 

3ABR42633-SG-223  (212),  Trouble  Analysis  of  Propeller  Electrical  Systems 
3ABR42633-WB-223  (212),  Trouble  Analysis  of  Propell  :  Electrical  Systems 

Training  Equipment 

Trainer  1722 J,  Electrical  System 

Training  Methods  ! 
Demonstration/Performance  (2  hrs)  | 

Multiple  Instructor  Requirements 
Safety,  Equipment,  Facilities  (2) 

Instructional  Guidance 

Have  the  students  locate  minor  malfunctions  in  the  electrical  circuits. 
MIR:    Two  instructors  are  required  for  2  hours  during  student  performance. 
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PLAN  OF  IHSTRUCTIOH/LESJOH  PL/N  PART  1 

COUR3C  TITVC 

Turboprop  Propulsion  Mechanic 

•LOCK  TlTVt 

Engine  and  Propeller  Systems  Operation 

1.                                                          COURSE  CONTENT 

1  TiMfc 

24.  Soldering 

a«     Without  reference,  correctly  identify  the  purpose  of 
soldering.    STS:    19d    Meas:  W 

b.  Without  reference,  correctly  identify  the  procedure 
for  soldering.    STS:    19d    Meas:  W 

c.  Using  the  proper  tools,  correctly  solder  four  electrical 
connections.    STS:    19d    Meas:  P 
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COURSE  CONTENT 


SUPPORT  MATERIALS  AND  GUIDANCE 
Student  Instructional  Materials 

3ABR42633-SG-224  (213) ,  Soldering  Electrical  Connection* 
Audio  Visual  Aids 

FCC  42-9  thru  13;  FCC  42-15  thru  16,  Soldering 

Training  Equipment 
Soldering  Iron  (1) 

Training  Methods 
Lecture/Discussion  (2  hrs) 
Performance  (2  hrs) 

Multiple  Instructor  Requirements 
Safety,  Equipment,  Facilities  (2) 

Instructional  Guidance 

Discuss  the  purpose  and  procedures  for  soldering.    Show  film  strip  on 
how  to  solder.    Take  the  students  into  the  lab  and  have  them  solder 
four  connections  each. 

MIR:    Three  instructors  are  required  for  1  hour  during  student  performance, 

25.  Military  Training  6 
a.     Physical  Conditioning  (*) 

26.  Written  Test  and  Critique  2 
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 PLAN  OF  IMSTRUCTION/LESSDM  PUM  PAtT  I 


Turboprop  Propulsicn  Mechanic 


itooc  TITUC 

Propeller  Maintenance 
~   COURSE  CONTENT  jl  TIMf" 


1*     Removal  of  Propeller  Assembly 


a.  Using  TO  1C-130B-2-11,  locate  procedures,  safety  practices, 
AGE  data,  FOD  prevention,  and  special  tools  for  propeller  removal 
without  error.    STS:    4b,  20d    Meas:    W,  P 

b.  With  student  assistance,  remove  the  54H60  propeller 
assembly  from  a  T56  engine  gearbox  LAW  TO  1C-130B-2-11. 

STS:    20d    Meas:  P 


c.  Using  TO  1C-130A-06,  locate  information  in  the  preface, 
locate  type  maintenance,  action  taken,  when  discovered,  how 
malfunctioned,  and  work  unit  codes;  using  TO  00-20-2-2,  determine 
documentation  procedures  for  AFTO  Forms  349  and  350;  using  HO-300, 
determine  the  correct  standard  reporting  designator,  category  of 
labor  codes  pertaining  to  propeller  removal  without  error. 

STS:    4b,  8c   Meas:    W,  P 

d.  Using  TO  00-20-5,  locate  information  pertaining  to 
AFTO  Form  95  entries  for  propeller  removal  and  complete  WB-301 
without  error.    STS:    4b,  10e(l)    Meas:  W 
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COURSE  CONTENT 


SUPPORT  MATERIALS  AND  GUIDANCE 
Student  Instructional  Materials 

3ABR42633-HO-300  (402/403/404),  Codes  Needed  on  AFTO  Forms  349  and  350 

3ABR42633-SG-301  (302),  Removal  of  Propeller  Assembly 

3ABR42633-WB-301  (302),  Removal  of  Propeller  Assembly 

TO  00*20-2*2,  On-Equipment  Maintenance  Documentation 

TO  00-20*5,  Aircraft,  Drone  and  Air  Launched  Missile  Inspections, 

Flight  Reports,  and  Supporting  Maintenance  Documents 
TO  1C-130A-06,  Work  Unit  Code  Manual 
TO  1C-130B-2-11,  Maintenance  Instructions  -  Propeller 

Training  Equipment 
Trainer,  Propeller  Change  (6) 
Handtools  and  Special  Tools  (6) 
Applicable  AGE  (6) 

Training  Methods 
Discussion/Demonstration  (3  hrs) 
Performance  (3  hrs) 

Multiple  Instructor  Requirements 
Safety,  Equipment,  Facilities  (2) 

Instructional  Guidance 

Explain  thoroughly  the  procedures  for  propeller  removal  in  the  TO  and 
explain  the  importance  of  following  the  TO  procedures  while  performing 
the  task.    Have  the  students  complete  SIT  assignment  PT-309,  Final 
Assembly  of  Hub,  Blades,  Dome,  and  Oil  Test,  the  last  2  hours  of  days 
1,  2,  3,  4,  and  6.    This  satisfies  the  SIT  requirement  for  objective  9a. 
Make  SIT  assignments  clear  and  understandable*    Inform  the  students  they 
will  be  evaluated  on  all  SIT  assignments  in  Block  III*    Stress  management 
of  defense  energy  resources  and  materials  conservation  throughout  Block  III* 
Stress  safety  throughout  Block  III* 

MIR:    Two  instructors  are  required  for  3  hours  during  student  performance* 
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PLAN  OF  INSTRUCTION/LESSON  PL  AM  PART  I 


Turboprop  Propulsion  Mechanic 


•tO CM  T1TLC 

Propeller  Maintenance 


1. 


COURSE  CONTENT 


1  TIME 


2.      Removal  of  Control,  Rear  Spinner,  and  Deicing  Contact  Ring 

a.      Using  TO  3H1-18-2,  locate  procedures,  safety  practices, 

FOD  prevention,  and  special  tools  required  for  removal  of  control, 

rear  spinner,  and  deicing  contact  ring  without  error.  STS:  4b, 
21c    Meas:    W,  P 


b.  With  student  assistance,  remove  the  control  assembly  from 
a  54H60  propeller  IAW  TO  3H1-18-2.    STS:    21c    Meas:  P 

c.  With  student  assistance,  remove  the  rear  spinner  and 
deicing  contact  ring  assemblies  from  a  54H60  propeller  IAW 

TO  3H1-18-2.    STS:    21c    Meas:  P 

d.  Using  TO  1C-130A-06,  locate  information  in  the  preface, 
locate  type  maintenance,  action  taken,  when  discovered,  how 
malfunctioned,  and  work  unit  codes;  using  TO  00-20-2-10,  determine 
documentation  procedures  for  AFTO  Forms  349  and  350;  using  HO-300, 
determine  the  correct  standard  reporting  designator  and  category 
of  labor  codes  pertaining  to  the  removal  of  the  control,  rear 
spinner,  and  deicing  contact  ring  and  complete  WB-302  without 
error.     STS:    4b,  8c    Meas:    W,  P 
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COURSE  CONTENT 


SUPPORT  MATERIALS  AND  GUIDANCE 

Student  Instructional  Materials 
3ABR42633-HO-300  (402/403/404) 

3ABR42633-SG-302  (303),  Removal  of  Rear  Spinner  and  Deicing  Contact  Ring 
3ABR42633-WB-302  (303),  Removal  of  Rear  Spinner  and  Deicing  Contact  Ring 
TO  00-20-2-10,  Documentation  for  Off-Equipment  Maintenance 
TO  1O-130A-06 

TO  3H1-18-2,  Field  Maintenance  Instructions  -  Variable  Pitch  Aircraft 
Propeller 

Training  Equipment 
Propeller,  Model  54H60  (6) 

Training  Methods 
Discussion/Demonstration  (3  hrs) 
Performance  (3  hrs) 

Multiple  Instructor  Requirements 
Safety,  Equipment,  Facilities  (2) 

Instructional  Guidance 

The  removal  procedures  are  given  in  para  5-17  through  5-24  of  TO  3H1-18-2. 
Divide  the  class  into  three  for  lab  work. 

MIR:    Two  instructors  are  required  for  3  hours  during  student  performance. 
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PLAN  OF  INSTRUCTION/LESSON  PLAN  PART  1 

COURSE  n  TL  e 

Turboprop  Propulsion  Mechanic 

•LOCK  TITtC 

Propeller  Maintenance 

1.                                                             COURSE  CONTENT 

2  TIME 

3.      Installation  of  Rear  Spinner,  Deicing  Contact  Ring,  and 
Control  Assemblies 


a.  Using  TO  1C-130B-2-11,  locate  procedures,  torque  limits, 
safety  practices,  FOD  prevention,  and  special  tools  pertaining  to 
installation  of  rear  spinner,  deicing  contact  ring,  and  control 
assemblies.     STS:    4b,  20e    Meas:    W,  P 

b.  With  student  assistance,  install  the  54H60  propeller  rear 
spinner  and  deicing  contact  ring  assemblies  IAW  TO  1C-130B-2-11. 
STS:    20e    Meas:  P 

c.  With  student  assistance,  install  the  54H60  propeller 
control  assembly  IAW  TO  1C-130B-2-11.     STS:     21c    Meas:  P 


d.  Using  TO  1C-130A-06,  locate  information  in  the  preface, 
locate  type  maintenance,  action  taken,  when  discovered,  how 
malfunctioned,  and  work  unit  codes;  using  TO  00-20-2-10,  determine 
documentation  procedures  for  AFTO  Form  349;  using  HO-300,  determine 
the  correct  standard  reporting  designator  and  category  of  labor  codes 
pertaining  to  installation  of  the  rear  spinner,  deicing  contact  ring, 
and  control  assemblies  and  complete  WB-303  without  error,    STS:  4b, 
8c    Meas:    W,  P 

e.  Using  TO  00-20-5,  locate  information  pertaining  to 
AFTO  Form  95  entries  for  installation  of  the  control  assembly 
without  error.    STS:    4b,  10e(l)    Meas:  W 
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COURSE  CONTENT 


SUPPORT  MATERIALS  AND  GUIDANCE 

Student  Instructional  Materials 
3ABR42633-HO-300  (402/403/404) 

3ABR42633-SG-303  (304),  Installation  of  Rear  Spinner,  Deicing  Contact 

Ring  and  Control  Assemblies 
3ABR42633-WB-303  (304),  Installation  of  Rear  Spinner,  Deicing  Contact 

Ring  and  Contact  Assemblies 
TO  00-20-2-10 
TO  00-20-5 
TO  1C-130A-06 
TO  1C-130B-2-11 

Training  Equipment 
Propeller,  Model  54H60  (6) 
Band tools  and  Special  Tools  (6) 

Training  Methods 

Discussion/Demonstration  (2.5  hrs) 
Performance  (4.5  hrs) 

Multiple  Instructor  Requirements 
Safety,  Equipment,  Facilities  (2) 

Instructional  Guidance 

Review  the  cautions  applying  to  removal  as  well  as  installation  of  the 
control,  spinner,  and  deicing  contact  assembly.     Insure  complete  and 
correct  application  of  all  hardware  and  safety  devices ♦    Follow  the 
procedures  in  TO  1C-130B-2-11. 

MIR:    Two  instructors  are  required  for  4,5  hours  during  student 
performance. 
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PLAN  OP  WSTRUCTION/LESSOH  PL  AM  PART  I  


counii  n  tu  c 

Turboprop  Propulsion  Mechanic 

•LOCK  TITLE 

Propeller  Maintenance 

1.                                                               COURSE  CONTENT 

2.  Tiki 

4.      Installation  of  Propeller  Assembly 

a.  Without  reference,  explain  how  to  operate  and  maintain 
propeller  dollies  without  error.     STS:     22c    Meas:  W 

b.  Using  TO  1C-130B-2-11,  locate  procedures,  torque  limits, 
safety  practices,  AGE  data,  FOD  precautions,  and  special  tools 
pertaining  to  propeller  installation  without  error-     STS:    4b,  20d 
Meas:    W,  P 

c.  With  student  assistance,  install  the  54H60  propeller 
assembly  on  a  T56  engine  gearbox  IAW  TO  1C-130B-2-11.     STS:  20d 
Meas:  P 

d.  Using  TO  1C-130A-06,  locate  information  in  the  preface, 
locate  type  maintenance,  action  taken,  when  discovered,  how 
malfunctioned,  and  work  unit  codes;  using  TO  00-20-2-2,  determine 
documentation  procedures  for  AFTO  Form  349;  using  HO- 300,  determine 
the  correct  standard  reporting  designator,  category  of  labor  codes 
pertaining  to  propeller  installation,  and  complete  WB-304  without 
error,     STS:    4b,  8c    Meas:    W,  P 
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COURSE  CONTENT 


SUPPORT  MATERIALS  AND  GUIDANCE 

Student  Instructional  Materials 
3ABR42633-HO-300  (402/403/404) 

3ABR42633-SG-3G.;  (301),  Installation  of  Propeller  Assembly 
3ABRA2633-WB-304  (301),  Installation  of  Propeller  Assembly 
TO  00-20-2-2 
TO  1C-130A-06 
TO  1C-130B-2-11 

Training  Equipment 
Trainer,  Propeller  Change  (6) 
Handtools  and  Special  Tools  (6) 
Applicable  AGE  (6) 

Training  Methods 

Discussion/Demonstration  (2.5  hrs) 
Performance  (4.5  hrs) 

Multiple  Instructor  Requirements 
Safety,  Equipment,  Facilities  (2> 

Instructional  Guidance 

Point  out  areas  that  normally  vear  and  the  seals  that  commonly  cause 
leakage.    After  the  propeller  is  installed,  conduct  a  discussion  on  key 
areas  such  as  indexing  pitch  lock,  safe tying  of  propeller  retaining  nut, 
pitch  lock,  dome,  dome  cap,  AN  connectors,  and  linkage* 

MIR:    Two  instructors  are  required  for  4.5  hours  during  student 
performance* 
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PLAN  OF  INSTRUCTION/LESSON  PLAN  PART  1 

NamE  O  F  INSTRUCTOR 

COURSE  T1TL.E 

Turboprop  Propulsion  Mechanic 

•LOCK  TITLE 

Propeller  Maintenance 

1.                                                             COURSE  CONTENT 

Z  TIME 

5.      Disassembly  and  Inspection  of  Hub  and  Blade  Assembly 

a.  Using  TO  3H1-18-2,  locate  procedures,  safety  practices,  FOD 
prevention,  and  special  tools  pertaining  to  the  disassembly  and 
inspection  of  a  54H60  propeller  assembly  without  error.    STS:  4b, 
20e    Meas:    W,  P 

b.  With  student  assistance,  disassemble  and  inspect  a  54H60 
propeller  assembly  IAW  TO  3H1-18-2.    STS:     20e    Meas:  P 

c.  Using  TO  1C-130A-06,  locate  type  maintenance,  action  taken, 
when  discovered,  how  malfunctioned,  and  work  unit  codes;  using 

TO  00-20-2-10,  determine  documentation  procedures  for  AFTO  Forms 
349  and  350;  using  H0-300,  determine  the  correct  standard  reporting 
designator  and  category  of  labor  codes  pertaining  to  disassembly 
and  inspection  of  the  hub  and  blade  assembly,  and  complete  WB-305 
without  error.    STS:    4b,  8c    Meas:    W,  P 
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COURSE  CONTENT 


SUPPORT  MATERIALS  AND  GUIDANCE 

Student  Instructional  Materials 
3ABR42633-HO-300  (402/403/404) 

3ABR42633-SG-305,  Disassembly  and  Inspection  of  Hub  and  Blade  Assembly 
3ABR42633-WB-305,  Disassembly  and  Inspection  of  Hub  and  Blade  Assembly 
TO  00-20-2-10 
TO  1C-130A-06 
TO  3R1-18-2 

Training  Equipment 
Propeller,  Model  54H60  (6) 
Handtools  and  Special  Tools  (6) 

Training  Methods 

Discussion/Demonstration  (2.5  hrs) 
Performance  (1.5  hrs) 

Multiple  Instructor  Requirements 
Safety,  Equipment,  Facilities  (2) 

Instructional  Guidance 

Remind  the  students  that  the  dome  and  blades  are  heavy  and  two  people 
will  be  assigned  to  each  unit  when  disassembling  the  propeller. 
Instructor  reference:    TO  3H1-18-4. 

MIR:    Two  instructors  are  required  for  1.5  hours  during  student 
performance. 


POI  C3ABR42633  000  8  April  1981  78 


ERLC  0 


PLAN  OF  INSTRUCTIOH/LESSOM  PLAM  PART  1 

COURSE  TITLE 

Turboprop  Propulsion  Mechanic 

•COCK  TITLE 

Propeller  Maintenance 

1.                                                            COURSE  CONTENT 

Z  TIME 

6.      Assembly  and  Check  of  Hub  and  Blade  Assembly 

a*      Using  TO  3H1-18-2,  locate  procedures,  torque  limits, 
safety  procedures,  and  FOD  prevention  procedures  pertaining  to 
assembly  and  check  of  the  hub  and  blade  assembly  without  error, 
STS:    4b,  20e    Meas:    W,  P 

b.  With  student  assistance,  assemble  and  check  a  54H60 
propeller  assembly  IAW  TO  3H1-18-2.     STS:     20e    Meas:  P 

c.  Using  TO  1C-130A-06,  locate  information  in  the  preface, 
locate  type  maintenance,  action  taken  when  discovered,  how 
malfunctioned,  and  work  unit  codes;  using  TO  00-20-2-10,  determine 
documentation  procedures  for  AFTO  Form  349,  using  H0-300,  determine 
the  correct  standard  reporting  designator  and  category  of  labor 
codes  pertaining  to  assembly  and  check  of  hub  and  blade  assembly 
and  complete  WB-306  without  error,     STS:     4b,  20e    Meas:    W,  P 
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COURSE  CONTENT 


SUPPORT  MATERIALS  AND  GUIDANCE 

Student  Instructional  Materials 
3ABR42633-HO-300  (402/403/404) 

3ABR42633-SG-306,  Assembly  and  Check  of  the  Hub  and  Blade  Assembly 
3ABR42633-WB-306,  Assembly  and  Check  of  the  Hub  and  Blade  Assembly 
TO  00-20-2-10 
TO  1C-130A-06 
TO  3H1-18-2 

TO  3H1-18-4,  Illustrated  Parts  Breakdown 

Training  Equipment 
Propeller,  Model  54H60  (6) 
Handtools  and  Special  Tools  (6) 

Training  Methods 

Discussion/Demonstration  (1.5  hrs) 
Performance  (3  hrs) 

Multiple  Instructor  Requirements 
Safety,  Equipment,  Facilities  (2) 

Instructional  Guidance 

Remind  the  students  that  the  dome  and  blades  are  heavy  and  that  two 
people  will  be  assigned  to  each  unit  when  assembling  the  propeller. 

MIR:    Two  instructors  are  required  for  3  hours  during  student  performance, 
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OF  INSTRUCTION/LESSON  PLAM  PARtT 


OOURSE  TITLE 

Turboprop  Propulsion  Mechanic 


•LOCK  TITLE 

Propeller  Maintenance 

T 


COURSE  CONTENT 


2.  TIME 


7.      Disassembly  and  Assembly  of  Dome  Assembly 

a.      Using  TO  3H1-18-3,  locate  procedures,  torque  limits, 
safety  procedures,  and  FOD  prevention  procedures  for  disassembly 
and  assembly  of  the  propeller  dome  assembly  without  error. 
STS:    4b,  20e    Meas:    W,  P 

c,uCnb'      W^,th  student  assistance,  disassemble  and  assemble  a 
54H60  propeller  dome  IAW  TO  3H1-18-3.    STS:    20e    Meas:  P 

c.      Using  TO  1C-130A-06,  locate  informal     in  the  preface, 
locate  type  maintenance,  action  taken,  when  discovered,  how 
malfunctioned,  and  work  unit  codes;  using  TO  00-20-2-10,  determine 
documentation  procedures  for  AFTO  Forms  349  and  350;  using  H0-300, 
determine  the  correct  standard  reporting  designator  and  category  of 
labor  codes  pertaining  to  disassembly  and  assembly  of  the  dome 
assembly.    STS:    4b,  8c    Meas:    W,  P 
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COURSE  CONTENT 


SUPPORT  MATERIALS  AND  GUIDANCE 

Student  Instructional  Materials 
3ABR42633-H0-300  (402/403/404) 

3ABR42633-SG-307,  Disassembly  and  Assembly  of  Dome  Assembly 
3ABR42633-WB-307,  Disassembly  and  Assembly  of  Dome  Assembly 
TO  00-20-2-10 
TO  1C-130A-06 

TO  3H1-18-3,  Overhaul  Instructions  -  Variable  Pitch  Aircraft  Propeller 
Training  Equipment 

Propeller  Dome  Assembly »  Model  54H60  (6) 
Handtools  and  Special  Tools  (6) 

Training  Methods 

Discussion/Demonstration  (2.5  hrs) 
Performance  (2  hrs) 

Multiple  Instructor  Requirements 
Safety,  Equipment,  Facilities  (2) 

Instructional  Guidance 

During  disassembly  and  assembly,  point  out  that  it  is  easy  to  cut  off 
a  finger  in  the  cam  slots  if  proper  safety  is  not  practiced, 

MIR:    Two  instructors  are  required  for  2  hours  during  student  performance. 
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OOUKIf  T1TUC 

Turboprop  Propulsion  Mechanic 


•LOCK  T1TLC 

Propeller  Maintenance 


I  TIME 


1. 


COURSE  COKTEMT 


8.     Disassembly  and  Assembly  of  Low  Pitch  Stop  Lever  and  Pitch 
Lock  Regulator 

a.  Using  TO  3H1-18-3,  locate  procedures,  torque  limits, 
safety  practices,  FOD  prevention,  and  special  tools  pertaining  to 
disassembly  and  assembly  of  low  pitch  stop  lever  and  pitch  lock 
regulator  without  error.    STS:    4b,  20e    Meas:    W,  P 

b.  With  student  assistance,  disassemble  and  assemble  a 
54H60  propeller  low  pitch  stop  lever  assembly  1AW  TO  3H1-18-3, 
STS:    20e    Meas:  P 


c.  With  student  assistance,  disassemble  and  assemble  a 
54H60  propeller  pitch  lock  regulator  IAW  TO  3H1-18-3.    STS:  20e 
Meas:    W,  P 

d.  With  student  assistance,  perform  tests  on  low  pitch 
stop  assembly  IAW  TO  3H1-18-3.    STS:    21e    Meas:  P 

e.  Using  TO  1C-130A-06,  locate  information  in  the  preface, 
locate  type  maintenance,  action  taken,  when  discovered,  how 
malfunctioned,  aud  work  unit  codes;  using  TO  00-20-2-10,  determine 
documentation  procedures  for  AFTO  Forms  349  and  350;  using  H0-300, 
determine  the  correct  standard  reporting  designator  and  category  of 
labor  codes  pertaining  to  disassembly  and  assembly  of  the  low  pitch 
stop  lever  and  pitch  lock  regulator*    STS:    4b,  8c    Meas:    W,  P 
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COURSE  CONTENT 


SUPPORT  MATERIALS  AND  GUIDANCE 

Student  Instructional  Materials 
3ABR42633-HO-300  (402/403/404) 

3ABRA2633-SG-308,  Disassembly  and  Assembly  of  Low  Pitch  Stop  and  Pitch 
Lock  Regulator 

3ABR42633-WB-303,  Disassembly  and  Assembly  of  Low  Pitch  Stop  and  Pitch 

Lock  Regulator 
TO  00-20-2-10 
TO  1C-13QA-06 
TO  1C-130B-2-11 
TO  3H1-18-3 

Training  Equipment 

Low  Pitch  Stop  Assembly,  54H60  Propeller  (6) 
Pitch  Lock  Regulator  Assembly,  54H60  Tropeller  (6) 
Handtools  and  Special  Tools  (6) 

Training  Methods 

Discussion/Demonstration  (3  hrs) 
Performance  (3  hrs) 

Multiple  Instructor  Requirements 
Safety,  Equipment,  Facilities  (2) 

Instructional  Guidance 

Have  the  students  complete  SIT  assignment,  PT-312,  the  last  2  hours  of 
day  7  and  day  8,  and  1  hour  of  day  9.    This  satisfies  the  SIT  requirement 
for  objective  12a.    Instructor  reference  -  TO  3H1-18-3. 

MIR:    TWo  instructors  are  required  for  J  hours  during  student  performance . 
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PLAM  OF  INSTRUCTION/!*  ESSOH  PL  AH  PART  1 


RrWlTFTTRlTireTCT 


COURSE  TITLE 

Turboprop  Propulsion  Mechanic 


■LOCK  TITLE 

Propeller  Maintenance 


1. 


COURSE  CONTENT 


II  TIME 


9.      Final  Assembly,  Balance,  and  Oil  Test 

a.  Without  reference,  explain  the  purpose  and  procedures  for 
oil  test  of  the  propeller  assembly  without  error.    STS:    20e,  20i, 
22b    Meas:  W 

b.  Using  TO  3H1-18-2,  locate  procedures,  torque  limits, 
safety  practices,  AGE  data,  FOD  prevention,  and  special  tools 
pertaining  to  final  assembly,  balance,  and  oil  test  without  error. 
STS:    4b,  20e,  20i    Meas:  W 

c.  With  student  assistance,  perform  the  54H60  propeller 
final  assembly,  and  balance  IAW  TO  3H1-18-2.    STS:    20e    Meas:  P 

d.  Given  information  by  the  instructor,  correctly  explain 
how  to  use  and  maintain  test  equipment.    STS:    22b    Meas:  W 

e.  Following  instructions  in  TO  3H1-18-2,  perform  hydraulic 
tests  on  the  5AH60  propeller.    Must  operate  the  tester  and  propeller 
to  full  feather,  flight  idle,  and  full  reverse  blade  angles  and 
•tate  whether  the  propeller  operates  properly  in  two  of  the  three 
checks.    STS:    20i    Meas:  P 

f .  Working  as  a  group,  perform  the  5AH60  propeller  pitch 
lock  cam  out  and  low  blade  angle  tests.    Must  state  the  angles 
of  cam  out  and  low  blade  angle  on  the  propeller  within  +1.0 
degree.    STS:    20i    Meas:  P 
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COURSE  CONTENT 


SUPPORT  MATERIALS  AND  GUIDANCE 
Student  Instructional  Materials 

3ABR42633-SG-309,  Final  Assembly,  Balance,  and  Oil  Test 
3ABR42633-SW-309,  Propeller  Oil  Test 

3ABR42633-WB-309,  Final  Assembly,  Balance,  and  Oil  Test 
TO  3H1-18-2 

Training  Equipment 

Propeller  Assembly,  Model  54H60-91  (6) 
Tester,  Model  GS-1221-M9  (12) 
Tester,  Fixture,  HSP  1685  (12) 
Marvel  Balancer  (12) 
Bandtools  and  Special  Tools  (6) 

Training  Methods 
Discussion/Demonstration  (2  hrs) 
Performance  (3  hrs) 
SIT  Assignment  (10  hrs) 

Myltiple  Instructor  Requirements 
Safety,  Equipment,  Facilities  (2) 

Instructional  Guidance 

Demonstrate  the  procedure  for  operating  the  hydraulic  tester.  Explain 
that  unless  the  valves  are  controlled  properly,  pressure  surges  can  occur 
which  will  cause  excessively  high  readings  on  the  gages. 

MIR:    Two  instructors  are  required  for  3  hours  during  studsnt  performance. 
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PLAH  OF  INSTRUCTtON/LESSON  PLAN  PART  I 


•LOCK  TITLE 

Propeller  Maintenance 


course  n  tl  c 

Turboprop  Propulsion  Mechanic 


COURSE  CONTENT 


1  TIME 


10.    Disassembly  and  Assembly  of  Propeller  Control  Assembly 

a-      Using  TO  3H1-18-2,  correctly  determine  the  step-by-step 
procedure  for  testing  propeller  control  system  units,    STS:  21a 
Meas :  W   

b.  Using  TO  3H1-18-2,  locate  procedures,  torque  limits, 
safety  practices,  FOD  prevention,  and  special  tools  pertaining  to 
disassembly  and  assembly  of  the  propeller  control  assembly  without 
error •    STS:    4b    Meas:    W,  P 

c.  With  student  assistance,  disassemble  and  assemble  a  54H60 
propeller  control  assembly  IAW  TO  3H1-18-2.     STS:    19e,  21d,  21f 
Meas:    P  9   

d.  Using  TO  1C-130A-06,  locate  information  in  the  preface, 
locate  type  maintenance,  action  taken,  when  discovered,  how 
malfunctioned,  and  work  unit  codes;  using  TO  00-20-2-10,  determine 
documentation  procedures  for  AFTO  Forms  349  and  350;  using  HO-300, 
determine  the  correct  standard  reporting  designator,  category  of 
labor  codes  pertaining  to  disassembly  and  assembly  of  the  propeller 
control  assembly  and  complete  WB-310  without  error-     STS:    4b,  8c 
Meas:    W,  P 
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COURSE  CONTENT 


SUPPORT  MATERIALS  AND  GUIDANCE 

Student  Instructional  Materials 
3ABR42633-HO-300  (402/403/404) 
3ABR42633-SG-310,  Propeller  Control  Assembly 
3ABR42633-WB-310,  Propeller  Control  Assembly 
TO  00-20-2-10 
TO  1C-130A-06 
TO  3H1-18-2 

Training  Equipment 

54H60  Propeller  Control  Assembly  (5) 

Training  Methods 
Discussion/Demonstration  (1  hr) 
Performance  (3  hrs) 

Multiple  Instructor  Requirements 
Safety,  Equipment,  Facilities  (2) 

Instructional  Guidance 

Use  a  partially  disassembled  control  to  teach  the  nomenclature  and  operating 
principles  of  the  propeller  and  controls.    Explain  all  operations  of  the 
control  assembly  using  each  hydraulic  flow  chart  for  an  onspeed,  underspeed, 
reverse,  and  feather  condition.    Have  the  students  trace  the  diagrams.  Use 
TO  3HA2-7-3  to  show  constructional  features  of  the  test  equipment.  Instructor 
references:    TOs  1C-130B-2-11,  3HA2-7-3,  and  3HA2-7-4. 

MIR:    Two  instructors  are  required  for  3  hours  during  student  performance. 
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COUR3C  T1TUC 

Turboprop  Propulsion  Mechanic 


•COCK  TITLE 

Propeller  Maintenance 


1. 


COURSE  CONTENT 


11.    Valve  Housing  Maintenance  and  Adjustment 

a.  Using  TO  1C-130B-211,  locate  procedures,  torque  limits, 
safety  practices,  FOD  prevention,  and  special  tools  pertaining  to 
valve  housing  maintenance  and  adjustment  without  error,  STS-  4b 
21g    Meas:    W,  P  *  ' 

b.  With  student  assistance,  remove  and  install  the  valve 
housing  on  a  54H60  propeller  IAW  TO  1C-130B-2-11,     STS-  21e 
Meas:    P  *  — * 


2.  TIME 


c.      Working  as  a  group,  perform  the  operational  checks  and 
adjustments  on  a  54H60  propeller  IAW  TO  1C-130B-2-11.     Must  perform 
at  least  two  adjustments  without  instructor  assistance,    STS:  19f 
20i,  20i   Meas:    P  — 9 
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COURSE  CONTENT 


SUPPORT  MATERIALS  AND  GUIDANCE 
Student  Instructional  Materials 

3ABR42633-SG-311,  Valve  Housing  Maintenance  and  Adjustments 
3ABR42633-WB-311,  Valve  Housing  Maintenance  and  Adjustments 
TO  1C-130B-2-11 

Training  Equipment 
Trainer,  Propeller  Change  (6) 
54H60  Control  Assembly  (6) 
Bandtools  and  Special  Tools  (6) 

Training  Methods 

Discussion/Demonstration  (1.5  hrs) 
Performance  (2.5  hrs) 

Multiple  Instructor  Requirements 
Safety,  Equipment,  Facilities  (2) 

Instructional  Guidance 

Students  will  remove  and  install  the  valve  housing  on  the  propeller.  Using 
the  propeller  change  trainer,  check  the  86  degree  switch,  feather  valve 
switch,  and  its  check  switch. 

MIR:    Two  instructors  are  required  for  2.5  hours  during  student  performance. 
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Pi.AH  OF  INSTRUCTjOH/LgSSOH  PLAN  PART  I 


•LOCK  TITLE 

Propeller  Maintenance 


COURSE  TITLE 

Turboprop  Propulsion  Mechanic 


COURSE  C0NT2MT 


Z  TIME 


12.    Prepare  Propeller/Propeller  Units  for  Return  to  Supply 

a.      Without  reference,  state  the  procedures  for  preparing 
propellers/propeller  units  for  return  to  supply  without  error 
STS:    20k    Meas:  W 
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COURSE  CONTENT 


SUPPORT  MATERIALS  AND  GUIDANCE 
Student  Instructional  Materials 

3ABR42633-SG-312,  Prepare  Propellers/Propeller  Units  for  Return  to  Supply 

Training  Methods  _ 
SIT  Assignment  (5  hrs) 

Instructional  Guidance 

This  SIT  assignment  is  to  be  passed  out  to  the  students  on  day  6  and 
completed  on  day  10. 

13.  Military  Training  5 

a.  Physical  Conditioning  (4) 

b.  Commander 9 8  Call  (jj 

14.  Written  Test  and  Critique  2 
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•LOCK  TITLE 

Engine  Repair 


COURSC  TITLK 

Turboprop  Propulsion  Mechanic 


COURSE  CONTENT 


2.  TIME 


1.      Disassembly,  Inspection,  and  Reassembly  of  Turbine  and 
Combustion  Section 

a.  Without  reference,  explain  the  constructional  features  and 
operating  principles  of  the  turbine  and  combustion  sections  of  the 
T56  engine  without  error.    STS:    Ua    Meas:  W 

b.  Using  TO  2J-T56-26,  locate  procedures,  torque  limits, 
safety  procedures,  AGE  data,  and  FOD  prevention  procedures  pertaining 
to  disassembly,  inspection,  and  reassembly  of  turbine  and  combustion 
sections  of  a  T56  engine  without  error.     STS:    13a    Meas:    W,  P 

c.  Using  TO  1C-130B-06,  locate  information  in  the  preface, 
locate  type  maintenance,  action  taken,  when  discovered,  how 
malfunctioned,  and  work  unit  codes;  using  TO  00-20-2-4,  determine 
documentation  procedures  for  AFTO  Forms  34-j  and  350  and  complete 
AFTO  Forms  349  and  350  pertaining  to  in-shop  engine  maintenance 
without  error.    STS:    4b,  8c,  13b    Meas:    W,  P 

d.  Using  TO  2J-T56-26,  with  student  assistance,  remove, 
disassemble,  inspect,  reassemble,  and  install  the  turbine  and 
combustion  sections  of  a  T56  engine  and  repair  engine  parts  as 
required  IAW  applicable  technical  order.     STS:    13b,  13c    13d (1) 
i|iQl'a^dl|l,  13d(5),  13d(6),  13d(8),  13d(9),  13d(10),  'l3d?H).' 
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COURSE  CONTENT 


SUPPORT  MATERIALS  AND  GUIDANCE 

Student  Instructional  Materials 
3ABR42633-SW-401/402,  T56  Constructional  Features 

3ABR42633-WB-401,  Disassembly,  Inspection,  and  Reassembly  of  Turbine 

and  Combustion  Section 
TO  1C-130A-06,  Aircraft  Work  Unit  Code  Manual 

TO  00-20-2-4,  Maintenance  Documentation  for  In- Shop  Engine  Maintenance 
TO  2J-T56-26,  Field  Maintenance 

Training  Equipment 
T56-A-7  Engine  (6) 
Borescope  (15) 

Handtools  and  Special  Tools  (6) 
Trailing  Methods 

Disci  sion/Demonstration  (12  hrs) 
Performance  (36  hrs) 
SIT  Assignment  (8  hrs) 

Multiple  Instructor  Requirements 
Equipment,  Supervision,  Safety  (2) 

Instructional  Guidance 

Explain  fully  the  procedures  in  TO  2J-T56-26  for  disassembly,  inspection, 
and  reassembly  of  the  turbine  and  combustion  sections.    Explain  TO  1C-1308-06 
and  TO  00-20-2-4  a*  they  pertain  to  filling  out  AFTO  Forms  349  and  350  for  in 
shop  engine  maintenance.    The  student  will  complete  SIT  assignment  in  PT-401/ 
402  during  the  last  2  hours  of  days  1,  2,  3,  4,  6,  7,  8,  and  9.    Make  the  SIT 
assignments  clear  and  understandable.    Inform  the  students  that  they  will  be 
evaluated  on  all  SIT  assignments  throughout  Block  IV.    This  satisfies  the  SIT 
requirement  for  objectives  la  and  2a.    Stress  management  of  defense  energy 
resources  and  materials  conservation  throughout  Block  IV.    Stress  safety 
throughout  Block  IV. 

MIR:    Two  instructors  are  required  for  36  hours  of  student  performance. 
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1                                                                  Turboprop  Propulsion  Mechanic 

1  Engine  Repair 

1                                                              COURSE  CONTENT 

X  TIME 

j  2.      Removal  and  InstaU -nion  of  Reduction  Gearbox  Assembly  and 
1           Disassembly,  Inspection  and  Reassembly  of  Torquemeter 

1           a.      Without  reference,  explain  the  constructional  features  and 
1  operating  principles  of  the  reduction  gearbox  and  torquemeter 
assembly  without  error.    STS:    llb(ll),  llb(12)    Meas:  W 

b.  Using  TO  2J-T56-26,  locate  procedures,  torque  limits, 
safety  procedures,  AGE  data,  and  FOD  prevention  procedures  pertaining 
to  reduction  gearbox  removal  and  installation  and  disassembly, 
inspection  and  reassembly  of  torquemeter  without  error.    STS*  4b 
13a    Meas:    W                                                                           '  ' 

c.  Using  TO  2J-T56-26,  with  student  assistance,  remove  a 
reduction  gearbox  from  a  T56  engine  IAW  applicable  technical  orders. 
STS:    13b,  13c,  13d(12)    Meas:  P 

d.  Using  TO  2J-T56-26,  with  student  assistance,  remove, 
disassemble,  inspect,  reassemble,  and  install  the  torquemeter 
assembly  on  a  T56  engine  IAW  applicable  technical  orders. 
STS:    13b,  13c,  13d (13)    Meas:  P 

e.  Using  TO  2J-T56-26,  with  student  assistance,  install  a 
reduction  gearbox  on  a  T56  engine  IAW  applicable  technical  orders. 
SI'S:    13b ,  13c,  13d(12)    Meas:  P 
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COURSE  CONTENT 


SUPPORT  MATERIALS  AND  GUIDANCE 

Student  Instructional  Materials 
3ABR42633-SW-401/402 

3ABR42633-WB-402,  Removal  and  Installation  of  Reduction  Gearbox  Assembly 

and  Disassembly,  Inspection,  and  Reassembly  of  Torquemeter 
10  2J-T56-26 

Training  Equipment 
T56-A-7  Engin-  (6) 
Bandtools  and  Special  Tools  (6) 

Training  Methods 
Discussion/Demonstration  (3  hrs) 
Performance  (7  hrs) 
SIT  Assignment  (8  hrs) 

Multiple  Instructor  Requirements 
Equipment,  Supervision,  Safety  (2) 

Instructional  Guidance 

Explain  fully  the  procedures  in  TO  2J-T56-26  for  the  removal  and  installation 
of  reduction  gearbox  assembly  and  disassembly  inspection  and  reassembly  of 
the  torquemeter. 

MIR:    Two  instructors  are  required  for  7  hours  of  student  performance* 
3,     Military  Training  * 
a*     Physical  Conditioning  (4) 
4*     Written  Test  and  Critique  2 


POI  C3ABR42633  000  8  April  1981  96 


ERIC 


94 


PLAM  OF  .MSTRUCTIOH/LSSSOH  PLAN  PART  I 


■LOCK  TITLC 

Engine  Change,  Inspection,  Buildup,  and  Rigging 


COURSC  TITLC 

Turboprop  Propulsion  Mechanic 


COURSE  CONTENT 


1.      Engine  Buildup  and  Teardown 

a.  Without  reference,  define  terms  relevant  to  engine  buildup 
and  teardown,  deter.nine  technical  publications  applicable  to  B-l  and 
B-2  accessories,  „Si  TO  2J-1-24  to  identify  B-l  accessories  and 
identify  the  purpose  and  procedures  for  block  testing  the  engine 
after  buildup  is  complete  without  error.    STS:    16a    Meas:  W 

b.  Using  TO  1C-130B-10,  identify  introductory  information, 
B-2  accessories  installation  instructions,  safety  procedures,  FOD 
prevention,  and  locate  part  numbers  for  selected  B-2  accessories 
without  error.    STS:    4b,  14b    Meas:    W,  P 

c      Using  TO  1C-130A-06,  locate  information  in  the  preface, 
locate  type  maintenance,  action  taken,  when  discovered,  how 
malfunctioned,  support  general,  and  work  unit  codes  applicable  to 
equipment  buildup  and  teardown;  using  TO  00-20-2-4,  locate  instructions 
pertaining  to  entries  required  on  AFTO  Forms  349  and  350  for  in-slop 
maintenance;  using  TOs  00-20-2-4,  1C-130A-06,  and  1C-130B-10,  complete 
AFTO  Forms  349  and/or  350  for  engine  buildup  and  teardown  without 
error.    STS:    4b,  8c    Meas;    W,  P 

d.      Using  a  T56  engine  and  proper  technical  orders,  with 
student  assistance,  teardown,  inspect,  document,  and  install 
selected  B-2  accessories  and  hardware  with  proper  torque,  safety 
procedures,  and  FOD  prevention  IAW  applicable  technical  orders. 
STS:    4b,  10a,  10b,  lOd,  13d(2),  13d (7),  14b    Meas:  P 
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COURSE  CONTENT 


SUPPORT  MATERIALS  AND  GUIDANCE 

Student  Instructional  Materials 

3ABR42633-SG-501,  Engine  Buildup  and  Teardovn 

3ABR42633-WB-501,  Engine  Buildup  and  Teardovn 

TO  00-20-2-4,  Maintenance  Documentation  5cr  In-Shop  Engine 

Maintenance 
TO  1C-130A-06,  Work  Unit  Code  Manual 

TO  1C-130B-109  Buildup  Instructions  -  Aircraft  Power  Package 

TO  2 J- 1-24,  Equipment  Comprising  A  Complete  Basic  Gas  Turbine  Engine 

Training  Equipment 
T56-A-7  Engine  (6) 
Kandtoois  and  Special  Tools  (6) 

Training  Athodg 

Discussion/Demonstration  (4  hrs) 
Performance  (6  hrs) 

Multiple  Instructor  Requirements 
Safety ,  Equipment,  Facilities  (2) 

Instructional  Guidance 

The  first  4  hours  of  engine  buildup  are  classroom  and  the  last  6  hours 
are  lab  time.    Have  the  student  complete  SIT  assignment  PT-504,  Engine 
and  Propeller  Rigging,  the  last  2  hours  of  day  1  and  2,  and  the  lajt 
hour  of  day  3*    Make  SIT  assignments  clear  and  understandable.  Inform 
the  students  that  they  will  be  evaluated  on  all  SIT  assignments  in 
Block  V.    This  satisfies  the  SIT  requirement  for  objective  4a.  Stress 
management  of  def  nse  energy  resources  and  materials  conservation 
throughout  Block       Stress  safety  throughout  Block  V. 

MIR:    Two  instruc  .ors  are  required  for  6  hours  during  student 
performance. 
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COURSE  TITLE 

Turboprop  Propulsion  Mechanic 

4               4                         4                               *  *       *  4^*  V*  4  4  W4  4  4  ^ 

1  HOCK  TITLE 

1   Engine  Change, 

Inspection,  Buildup,  and 

Rigging 

1. 

COURSE  CONTENT 

Z  TIME 

2.      Engine  and  Propeller  Inspection 

a.      Using  TO  00-20-1,  explain  information  pertaining  to  the 
methods  of  inspection  and  maintenance,  planned  inspection  and 
maintenance  concept,  description,  and  maintenance  of  inspection 
work  cards  without  error.     STS:     8b    Meas:  W 


b.      Using  TO  00-20-5,  locate  information  pertaining  to  the 
basic  inspection  concepts,  description  of  scheduled  inspections 

error.     STS:  8d 


and  materiel  deficiency  reporting  systems  without 


Meas: 


W 


c.  Using  TO  00-20-5,  locate  information  pertaining  to 
filling  out  AFTO  Forms  44,  95,  and  781  series  without  error 
STS:    lOe(l),  10e(2)    Meas:  W 

d.  Using  TO  1C-130A-6WC-15,  identify  additional  TOs  and 
personnel  needed  to  complete  an  inspection,  list  safety  practices 
accident  prevention  and  FOD  precautions,  maintenance  procedures  ' 
work  areas,  card  time  and  item  time,  work  unit  codes,  and  how 
malfunctioned  codes  for  selected  work  card  items  without  error. 
STS:    8b    Meas:  W 

e.  Using  TO  1C-130A-06,  locate  information  in  the  preface 
locate  type  maintenance,  action  taken,  when  discovered,  how 
malfunctioned,  support  general,  and  work  unit  codes  applicable  to 
scheduled  and  special  inspections;  using  TO  00-20-2-2,  locate 
instructions  pertaining  to  entries  required  on  AFTO  Forms  349  and 
350  for  on-equipment  maintenance;  using  TOs  00-20-2-2  and 
1C-130A-06,  complete  AFTO  Forms  349  and/or  350  for  a  major 
inspection  without  error.    STS:     4b,  8c    Meas:    W,  P 

f.  With  student  assistance,  perform  an  inspection  on  the 
T56  engine  and  propeller  assemblies  IAW  applicable  technical 
orders.    Must  find  at  least  two  discrepancies  and  make  the 
appropriate  entries  on  the  AFTO  Form  781A.     STS:     8e,  12a  20m 
Meas:    P  —     
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COURSE  CONTENT 


SUPPORT  MATERIALS  AND  GUIDANCE 


Student  Instructional  Materials 

3ABR42633-SG-502,  Engine  and  Propeller  Inspection 
3ABR42633-WB-502,  Engine  and  Propeller  Inspection 
00-20  Series  Technical  Orders 

10  1C-130A-6WC-15,  Aircraft  Inspection  Work  Cards 

TO  1C-130B-2-4,  Maintenance  Instructions  -  Power  Plant 

10  1C-130B-2-11,  Maintenance  Instructions  -  Propeller 

Audio  Visual  Aids 

Selected  Training  Charts,  AFTO  Forms  349  and  350 

Training  Equipment 

T56  Engine  and  Nacelle  (6) 

Handtools  and  Special  Tools  (6) 

Training  Methods 

Discussion/Demonstration  (5  hrs) 
Performance  (3  hrs) 

Multiple  Instructor  Requirements 
Safety,  Equipment,  Facilities  (2) 

Instructional  Guidance 

Explain  the  Dock  and  Inplace  methods  of  inspection  in  TO  00-20-1  and 
what  type  of  inspections  are  included  under  each.    Explain  the  concepts 
of  inspection  in  TO  00-20-5  and  explain  that  the  C-130  aircraft  is  under 
the  Isochronal  concept.    When  working  in  the  lab,  pass  out  selected  tasks 
from  the  inspection  work  cards  for  the  students  to  perform. 

MIR:    Two  instructors  are  required  for  3  hours  during  student  performance. 
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PLAN  OF  INSTRUCTIOH/LESSOH  PL  AH  PART  I 


COURSE  TITLE 

Turboprop  Propulsion  Mechanic 


Engine  Change,  Inspection,  Buildup,  and  Rigging 


COURSE  CONTENT 


3.      Engine  Removal  and  Installation 

a.      Using  TO  1C-130B-2-4 ,  locate  procedures,  torque  limits 
safety  procedures,  AGE  data,  and  FOD  prevention  procures 

Itlll  ft^f1  61181116  rem°Val  and  installation  without 

error.    STS:    4b,  14a    Meas:    W,  P 

l0cJ*\    USinf  T°  1C-130A-°6'  1°""  information  in  the  preface, 
locate  type  maintenance,  action  taken,  when  discovered,  how 
malfunctioned,  and  work  unit  codes;  using  TO  00-20-2-2  determine 
documentation  procedures  for  AFTO  Forms  349  and  350  pertaining  To 
Meas?    P         rem°       ^  inStallation  without  error.     STS:     4b,  8c 

a  .  .C-      "Sin|J°  1C~130B-2-4,  with  student  assistance,  remove 
and  install  a  T56  engine  on  a  C-130  engine  pad,  perform  all 
maintenance,  safety  procedures,  FOD  prevention,  and  torque  IAW 
applicable  technical  orders.     STS:    10b,  14a,  2^  ^^ 

nort  ?\    Without  reference,  correctly  name  simple  facts 
re!*  ?  "Y°  *:illl°™nC°  °A  U"r  -intenance  of  engine 


1  TIME 


12 


(3) 


(3) 


removal  and  transportation  trailers.     STS:    14d  Meas: 


W 
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COURSE  CONTENT 

SUPPORT  MATERIALS  AND  GUIDANCE 

Student  Instructional  Materials 
3ABR42633-SG-503,  Engine  Removal  and  Installation 
3ABR42633-WB-503,  Engine  Removal  and  Installation 
TO  00-20-2-2,  On-Equipment  Maintenance 
TO  1C-130A-06 
TO  1C-130B-2-4 

Audio  Visual  Aids 

Selected  Training  Charts,  AFTO  Forms  349  and  350 

Training  Equipment 

T56  Engine  and  Nacelle  (6) 

Handtools  and  Special  Tools  (6) 

Training  Methods 
Discussion/Demonstration  (6  hrs) 
Performance  (6  hrs) 

Multiple  Instructor  Requirements 
Safety,  Equipment,  Facilities  (2) 

Instructional  Guidance 

The  first  day  of  engine  removal  and  installation  is  classroom  work, 
the  second  day  is  lab  work. 

MIR:    Two  instructors  are  required  for  6  hours  during  student  performance. 
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COURSE  TITl. K 

Turboprop  Propulsion  Mechanic 


•LOCK  TITLE  " 

Engine  Change,  Inspection,  Buildup,  and  Rigging 
h  COURSE  CONTENT 


4.      Engine  and  Propeller  Rigging 


mlr/i  "ference>  exPlaln  the  purpose,  procedure,  and 

tasks  involved  in  rigging  the  propeller  and  engine  without  ^rror. 
bib.    14c,  21h    Meas:  W 

b.      Using  TO  1C-130B-2-4,  locate  procedures  for  rigging  the 
engine  controls  without  error.    STS:    14c    Meas:  W 

c      Using  TO  1C-130B-2-11,  locate  procedures  for  riggine  the 
propeller  controls  without  error.    STS:    21h    Meas:  W 

pnnf  d:  With  ^"dent  assistance,  rig  the  engine  and  propeller 
21h   Meas-    Pm        aPPlicable  technical  orders.    STS:    9b,  14c, 
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COURSE  CONTENT 


SUPPORT  MATERIALS  AND  GUIDANCE 

Student  Instructional  Materials 
3ABR42633-SG-504,  Engine  and  Propeller  Rigging 
3ABR42633-WB-504,  Engine  and  Propeller  Rigging 
TO  1C-130B-2-4 
TO  1C-130B-2-11 

Training  Equipment 

T56  Engine  and  Nacelle  (6) 

Hand tools  and  Special  Tools  (6) 

Training  Methods 
Discussion/Demonstration  (1  hr) 

Performance  (3  hrs) 
SIT  Assignment  (5  hrs) 

Multiple  Instructor  Requirements 
Safety,  Equipment,  Facilities  (2) 

Instructional  Guidance 

Explain  the  procedures  in  TOs  1C-130B-2-4  and  1C-130B-2-11  for  engine  and 
propeller  rigging  and  insure  the  students  can  follow  the  procedures  when 
working  in  the  lab* 

MIR:    Two  instructors  are  required  for  3  hours  during  student  performance, 
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PLAN  OF  INSTRUCTION/LESSON  PLAN  PART  I 


TWToTWSTKTCfSr 


course  TITUC 

Turboprop  Propulsion  Mechanic 


■LOCK  TITUC 

Engine  Change,  Inspection,  Buildup,  and  Rigging 


2.  TIME 


1. 


COURSE  CONTENT 


5.      Synchrophaser  Theory,  Operation,  and  Inspection 

a*     Using  TO  3HA7-3-2,  correctly  explain  synchrophaser 
theory  and  operation.    STS:    21i    Meas:  W 

b.      Using  a  block  diagram,  trace  the  operation  of  the 
synchrophaser  system.    Must  correctly  trace  seven  of  ten  circuits 
listed.    STS:    10c,  19b    Meas:  P 
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COURSE  CONTENT 


SUPPORT  MATERIALS  AND  GUIDANCE 


Student  Instructional  Materials 

3ABR42633-SG-505,  Synchrophaser  Theory  and  Operation 
3ABR42633-WB-505,  Synchrophaser  Theory  and  Operation 
TO  3HA7-3-2,  Field  Maintenance  -  Aircraft  Propeller  Synchrophaser 

Training  Methods 
Discussion/Demonstration  (1  hr) 
Performance  (3  hrs) 

Multiple  Instructor  Requirements 
Safety,  Equipment,  Facilities  (2) 

Instructional  Guidance 

Explain  to  the  students  that  before  the  synchrophaseT  is  removed,  the 
Circuit  breakers  to  the  synchrophaser  must  be  pulled*    Explain  the 
procedures  for  connecting  the  synchrophaser  to  the  tester.  Instructor 
reference  -  TO  1C-130B-2-11. 

MIR:    Two  instructors  are  required  for  3  hours  during  student  performance. 

6.  Military  Training  9 

a.  Physical  Conditioning  (3) 

b.  Comnander's  Call  (1) 
c»      End~of-Course  Appointments  (5) 

7.  Measurement  Test  and  Critique  2 

8.  Course  Critique  and  Graduation  2 
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STUDY  GUIDE 
3ABR31630T-SG-76T 
3ABR31632T-SG-703 
3ABR42632-SC-101 


Technical  Training 


Mlaalle  Systema  Analyst  Spacialiat  (AGM-69A) 
Nisallc  Electronic  Equipment  Speciallat  (ACM-69A) 
Jet  Engine  Mechanlca 


GROUND  SAFETY  PRACTICES 


30  November  1976 


USAF  SCHOOL  OF  APPLIED  AEROSPACE  SCIENCES 
3360th  Technical  Training  Group 
Chanute  Air  Force  Baee,  Illinoia 


DESIGNED  FOR  ATC  COURSE  USE 
DO  NOT  USE  ON  THE  JOB 


9 

ERIC 


105 


GROUND  SAFKTY  PRACTICES 

OBJECTIVE 

When  you  have  completed  this  .tudy  guide  you  wUl  be  able  to  point  out 
safety  ha.ard. ,  and  outline  .afety  practice,  to  ob.erve  in  the  .hop.  hangar 
and  on  the  flight  line.  ' 

INTRODUCTION 

STOPt   LOOK!  LISTEN! 

Your  life  i.  at  .take.    More  than  that,  the  live,  of  everybody  with  whom 
you  come  in  contact  are  at  .take.    You  are  a  potential  H-bomb,  waiting  to  ex- 
plode.   Your  action,  determine  our  future  --  both  your,  and  mine.    It  make, 
sense  then,  that  .afety  i.  everybody,  bu.ine...    If  your  carele..ne..  affect, 
ma.  then  your  action,  are  my  bu.ine..  -  enough  my  bu.ine..  for  me  to  write 
about  it.   And  if.  your  bu.ine..  to  read  about  it  and  then  do  .omething  about 

Safety  engineer,  have  studied  the  record,  of  large  companie.  over  a 
long  period  of  time.    They  find  .tartling  fact,  hidden  in  the  statistic.  A 
relatively  .mall  number  of  people  have  the  majority  of  accident..    If  the 
record,  of  the.e  few  people  could  be  set  a.ide,  the  accident  rate  would  be 
mighty  low. 

Sinc*  il  h»«  been  proven  that  some  people  are  "accident  prone..  it 
follow,  that  accident,  have  a  direct  relation.hip  to  our  habit.  ~  to  our 
thinking  -  and  our  action..   Let',  inve.tigate  this  angle  a  little  more. 

INFORMATION 

w°f  °Ur  n°rmal  actiyitie»  during  each  day  are  filled  with  accident, 
waiting  to  happen.    Mo.t  accident,  can  be  prevented  if  we  plan  our  habit, 
and  routine,  with  .afety  in  mind.    So  let',  see  what  v,e  individually  can  do 

studv«?.!rTr<*ndnl;*u  P*infUl  llfe-    Perhap§  the         Place  to  this 
•tudy  of  .afety  is  with  housekeeping  habits. 

GOOD  HOUSEKEEPING  IS  THE  FIRST  LAW  OF  ACCIDENT  PREVENTION 

H.    S°™  P'°?le  a"  "cognized  for  their  neatness.    Everything  they  have  is 

Se  we  were  milt*.  £  "  COn9tantly  look  like  w«  '«  our  uniforms, 

cem^!J!    t,  °m  ^  nearCSt  °arbcr'  like  OUr  work  »  ™  auto 

cemetery.    How  we  appear  to  other,  and  how  we  do  thing,  reflect,  our  inner 


1 


10G 


lift 


p^onaliu...  We  have  .tandard.  which  are  the  re.ult  of  our  home  envi- 
ronment.   We  carry  tuch  .tandard.  into  every  pha.e  of  life    All  of  2? 

ZZtJln?''  2  k'  JU,t.Wh*1      m  to  do  in  thil  cours. 


PLAN  YOUR  WORK  WITH  SAFETY  IN  MIND 

Before  you  .tart  the  job  -  any  job  -.  think  it  over.   Aek  your.elf  aome 
questions  about  it.    Lots  of  people  talk  to  themselves  nowadays.    What  am  I 
tryinf  to  accomplish?  How  far  do  I  tear  the  unit  down?   Where  will  I  place 
my  tools  ?  Cleaning  fluid?   Parts  ?   Do  I  have  the  right  Technical  Order 
for  this  model  ?   What  precautions  are  to  be  exercised  in  doing  :he  job? 
What  are  the  possibilities  of  fire?   Explosion?   Breakage  of  parts?  Loss 
of  parts  ?  What  can  I  do  about  these  possibilities  ?   Where  is  the  nearest 
fire  extinguisher?  How  do  I  use  it?   Where  is  the  nearest  exit?  Alternate 
exit?  Telephone?   What  number  do  I  call?   Where  is  the  nearest  power 
line?  Air?   Vacuum?   These  are  but  a  few  of  the  things  we  should  ask 
ourselves  before  attempting  to  do  a  job.    Many  people,  before  spending  the 
night  in  a  hotel  or  a  motel,  hold  a  "mental  fire  drill"      they  carefully  in- 

V"tl!*»t.*i!  method"  of  e,c*Pe  t0  b«  "»dy.  ihould  they  be  startled  by  the 
cry  of  "FIRE"  during  the  night.    An  alternative  plan  is  often  necessary. 
Before  starting  an  aircraft  repair  job,  we  should  hold  such  a  conference 
with  ourselves. 

Good  housekeeping  must  be  carried  through  to  the  final  clean-up.  Some 
units  you  will  disassemble  will  have  .mall  parts  that  can  be  easily  lost, 
broken  or  mixed  with  other  parts.    Have  "a  place  for  everything  and  every- 
thing in  it.  place.  "  Since  good  hou.ekeeping  i.  so  vitally  important  to  safe- 
ty, it  is  the  concern  of  everyone  .-you,  your  supervisor  and  your  fellow 
workers.    Keep  the  floor  and  area  clean.    Old  parts  should  be  promptly 
disposed  of      and  not  on  the  bench  or  floor.    Thousands  of  fatal  accidents 
have  been  caused  by  people  tripping  on  rubbish,  debris  and  needless  mate- 
rials.   Place  waste  and  trash  in  suitable  containers.    Put  all  items  away 
that  are  not  immediately  connected  with  the  job  you  are  doing.    If  oil  is 
spilled,  clean  it  up  immediately.    Alert  people  for  special  hatards  -  sharp 
corners,  bolts,  etc.    Every  shop  should  have  a  place  for  storing  tool  boxes 
when  they  are  not  in  immediate  use.    Keep  them  in  this  place  with  the  lid 
closed.    Lots  of  shins  have  been  painfully  bruised  through  ouch  careless- 
ness    The  Air  Force  attempts  to  -.vam  people  of  special  danger  areas  by 
painting  propeller  tip.  yellow,  painting  a  red  line  on  the  fu.elage  at  the 
place  the  propeller  rotates,  by  warning  .ign.  in  the  are.  of  danger,  etc. 

IT\  Pe°P         U'e  t0  beUeVe  and  heed-    Good  housekeeping  h*.  an- 

catse  toot.  0n,U''      7       Plng  °Ur  W°rk  "e*  Cle*r'  mor*le  »P 
cause  tool,  no  longer  get  lost,  equipment  no  longer  damaged     A.  a  re.ult 

the  amount  and  quality  of  work  increa.e.  and  the  accident'rate  goe.  down 
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Closely  allied  with  good  housekeeping,  fire  prevention  is  a  requirement 
of  safety.    The  best  fire  prevention  system  yet  found  is  good  housekeeping. 
Here  are  a  few  precautions  that  will  cut  down  the  fire  loss  in  your  place  of 
work.   Perhaps  you  can  add  a  few  to  the  list. 

1.  Don't  allow  oily  rags  to  accumulate  in  open  piles. 

2.  "NO  SMOKING"  signs  are  placed  by  regulations.    They  mean 
It  is  illegal  to  smoke. 

3.  If  your  clothing  becomes  saturated  with  fuel  or  oil,  take  them 
off  as  soon  as  possible.   Fuel  and  oil  cause  irritation  to  the  skin  which  is 
painful.    Besides,  you  may  get  the  ur«e  to  light  up  a  cigarette. 

4.  NEVER  store  inflammables  in  open  containers. 

5.  Make  certain  static  lines  are  firmly  grounded  before  working 
on  the  aircraft. 


6.     Use  ash  trays.   NEVER  toss  cigarette  butts  or  matches  into 
a  wastebasket. 

Since  we  all  have  moments  of  carelessness,  fires  may  result.    If  a  fire 
should  start  in  your  area,  it  is  up  to  you  to  act      fast  and  correctly. 

1.  Know  the  telephone  number  of  the  base  fire  department  --from 
memory.   At  least  know  where  you  can  find  the  number  quickly.    Call  the 
fire  department  first. 

2.  Know  where  the  nearest  fire  extinguisher  is  and  how  to  use 
it.  Once  a  fire  starts,  you  won't  have  time  for  reading  and  interpreting 
the  fine  print  on  how  to  use  it. 

3.  If  alarm  boxes  are  installed  on  your  base,  learn  where  the 
close  ones  are  and  how  to  use  them. 

4.  Yell  "FIRE11  to  warn  others  in  the  area  and  summon  help. 

If,  in  spite  of  all  your  precautions,  a  fire  starts  anyway,  you  muct 
know  how  to  stop  it.   Some  fires  can  be  more  readily  extinguished  by  one 
type  of  extinguisher  than  by  others.    Table  I  may  be  of  some  help. 

Other  rules  for  fire  prevention  include: 

1.     Don't  smoke  within  50  feet  of  a  hangar,  parked  aircraft  or 
place  where  inflammable  material  is  stored. 
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Type 

Vaporizing 
Liquid 

Soda  Acid 

w2 

w  ate  r 

Dry 

Powder 

Sizes 

1  Ut  16 

20  Gal 

2-1/2  Gal 

2-1/2  Gal 

2  to 
100  lbs 

2-1/2,4.  5. 
gallons 

2-1/2  to 
30  lbs 

Operation 

Squeeze 
handle 

Invert 

Invert 

Open 
valve 

Pump  air 
pressure 

Squeeze 
handle 

Conductor 
of  Electricity 

No 

Yes 

Yes 

No 

Yes 

No 

Range 

Approximately 
20  -  40  feet 

Approx 
30  feet 

Approx 
30  feet 

Approx 
8  feet 

Approx 
30  to  40  ft 

Approx  6 
to  8  ft 

Time  Required 
To  Empty 

Varies 

Approx 
1  minute 

Approx 
1  minute 

Approx 
1  minute 

1/2  to 
2-1/2  Min 

Approx 
1  minute 

Chemicals 
Used  * 

CBM 
CB 

Bicarb 
of  soda 

sulphuric  acid 

A  1  ti  r*n   Qui  « 

phate  - 
bicarbonate 
of  soda 
foaming  agent 

Liquid 
CO  2 

Water 

Chemically 
processed  dry 
powder.  Dry 
chemical  has 
bicarbonate  of 
soda 

Need  of 

Freezing 

Protection 

No 

Use  in  heated 
bldgs 

Use  in  heated 
bldgs 

When  used 
below  0  F 

Yes 

No 

Extinguish- 
ing Effect 

Smothe  ring 
cooling 

Quenching 
cooling 

Blanketing 
cooling 

Smothering 
by  cooling 

Quenching 
cooling 

Blanketing 
smothering 

Use  on 
burning 

wood  At  naner 

Poor 

Excellent 

Fair 

Poor 

Excellent 

Poor 

Use  on 

burning 

petroleum 

Fair 

Poor 

Excellent 

Good 

Poor  - 
should 
not  be 
used 

Excellent 

Use  on 
burning 
electrical 
equipment 

Excellent 

Poor  - 
should  not 
be  used 

Poor  - 
should  not 
be  used 

Excellent 

Poor  - 
should  not 
be  used 

Good 

Figure  L.    Fire  Extinguisher  Characteristics. 
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2.  Make  certain  all  aircraft  are  grounded  before  working  on  them. 

3.  Don't  drain  fuel  sumps  in  a  hangar. 

4.  Use  nonsparking  tools  whenever  possible. 

HANGAR  HAZARDS 
Accidents  Don't  Just  Happen  --  They're  Caused 

All  accidents  taking  place  on  an  Air  Force  Base  or  involving  govern- 
ment  owned  equipment  are  thoroughly  investigated.    The  cause  is  deter- 
mined and  remedies  are  planned  to  make  certain  that  these  accidents  do 
not  happen  again.    Studies  of  ground  safety  records  clearly  show  the 
fundamental  causes  of  accidents.    They  include; 

Lack  of  Knowledge  or  Skill 

Sometimes  personnel  think  they  can  do  the  job.  but  they  fail  to  under- 
stand that  the  equipment  has  slight  modification  from  the  model  they  worked 
on  previously.    Misunderstanding  is  costly.    It  is  the  job  of  the  supervisor 
to  make  certain  the  mechanic  knows  the  who,  what  and  where  of  a  job  before 
sending  him  to  do  it.    Misinformation,  inexperience,  not  being  convinced 
lack  of  information;  any  of  these  are  dangerous.    Mighty  dangerous.  There 
i«  oruy  one  known  method  of  combating  these  dangers  -  education.  That's 
why  you  are  in  technical  school  now. 

Always  use  the  Technical  Order  procedure.    Become  acquainted  with 
the  Technical  Order  system,  know  it  and  use  it.    Technical  Orders  are 
your  only  assurance  of  doing  the  job  correctly.    Don't  attempt  to  perform 
maintenance  until  you've  read  all  about  how  to  do  it  in  the  Technical  Order 
Aircraft  mistakes  are  costly. 

Here's  a  case  that  happened  a  few  years  back:    Three  airmen  were 
assigned  to  dismount,  mount  and  inflate  aircraft  tires.    One  man  was  in 
the  process  of  inflating  the  first  tire  that  had  been  remounted  on  a  wheel 
rim  when  he  noticed  two  nitrogen  bottles  nearby.    He  asked  the  other  air 
men  if  the  bottles  could  be  used  for  inflating  tires  and  after  some  discus- 
sion, it  was  decided  to  "try  them.    The  filler  hose  on  the  nitrogen  bottle 
was  connected  to  a  high  pressure  gauge  which  was  attached  to  the  valve 
stem  on  the  tire.    When  approximately  200  psi  was  indicated  on  the  deliv- 
ery pressure  gauge,  one  airman  reached  to  remove  the  filler  line  and  the 
explosion  occurred.    One  airman  lost  his  right  hand  and  fractured  his 
right  arm.    Another  was  struck  on  the  head  by  the  wheel  flange  and  in- 
jured his  ear  drum.  _All  three  airmen  Went  intQ  8hock  c 
termmed  to  be: 


tires. 


1.     Not  following  the  Technical  Order  procedure  for  inflating 
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2.  Lack  of  knowledge  and  experience, 

3,  Inadequate  supervision. 


4.  Probable  wheel  rim  failure  since  200  psi  is  considered  with- 
in  the  safe  limits  for  inflation  of  the  tire. 

5.  Failure  to  use  a  suitable  wheel  guard  while  inflating  the  tire 
(as  prescribed  by  the  Technical  Order),    Although  this  would  not  have  pre- 
vented the  accident,  serious  injuries  could  have  been  averted  if  the  guard 
had  been  used. 

This  is  but  one  of  many  examples  of  what  happens  when  people  attempt 
maintenance  while  lacking  knowledge  or  skill. 

Improper  Attitude 

Ground  and  Hying  safety  reports  are  filled  with  accidents  that  have 
little  reason  for  happening  other  than  improper  attitude.    Improper  attitude 
may  be  seen  in  any  of  its  forms  -  laziness,  recklessness,  uncooperativeness, 
egoism,  impatience,  absent  mindedness,  excitability,  intolerance"T"just 
mentally  unsuited  in  general.    One  man  with  a  bad  attitude  can  (and  usually 
will,  if  given  the  chance)  do  more  harm  than  good,    You've  seen  the  type; 
everything  he  touches  gets  ruined.    We  all  have  days  like  that.    Keep  that 
kind  of  a  man  away  from  all  equipment.    Let's  make. doubly  sure  that  man 
isn't  you, 

SHOP  HAZARDS 


Shop  safety  begins  with  shop  layout.    If  your  shop  is  set  up  properly, 
safety  is  built  in.    Plan  the  shop  to  save  steps  wherever  possible.  Records 
•how  that  the  less  a  man  moves  from  his  work  area,  the  fewer  the  acci- 
dents.   Shop  accidents  have  resulted  from  tripping  over  pipe  end  tubing, 
from  a  soldering  iron,  torch,  etc.    A  west  coast  base  reports  an  accident 
as  follows:   The  base  electrical  shop  had  a  locally  made  conduit  rack  on 
one  end  which  was  constructed  of  angle  iron,    A  civilian  aircraft  mechanic 
was  selecting  a  piece  of  stock  from  the  top  shelf. when  a  shelf  brace  broke 
loose  from  one  end  of  the  rack  and  dropped  conduits  of  varying  sizes  on 
the  man,  splintering  his  foot,  leg  and  knee.    The  accident  causes  were 
listed  as: 

1,  Poor  welding  job  on  the  rack. 

2.  Failure  of  the  electrical  ohop  to  maintain  an  orderly  rack,  it 
was  found  that  conduits  of  all  oizeo  were  on  the  top  shelf.    An  orderly 
rack  would  have  the  heavy  conduito  on  lower  shelves  and  lighter  conduits 
on  top  shelves. 
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/or 

from  a  man  .plici„g  ,  cable    wh7„  .ud<f.        *  ""l"  """"  •'«"«  <«< 

A.  h.  turned  the  cable    i,  cauThYo?        '      ,  had  *  di»"''.rly  de.k. 

A.  he  pulled  „„  the  cable   "  .or,™  'r        !      ClU""'"8  h"  W"k 
man.   Cau.,.  „  «,.  .•SC.'HS.tS  «  ""°  *"         "  *'  inJ""d 

.1.     A  cluttered  work  area. 
c.b..Jfr.eDi're81rd  f"  *«  °<  «»P<»y««.  while  p„„ing  the 

3.     Leaving  the  cable  uncoiled  while  working. 

t«edA       tzzzh:;u  *e  rrs  and  ai8ie- cie-  -  -iut. 

air  and  vacuum  linecT  overhead     N  individ«*a  electrical.  ' 

included  in  the  work area N'C'°"*Y  tool,  and  equipment  .hould  be 

<*~t"f^^  B7  regulation.  GOG- 

grinding  without  them     It  iu.t  i.n-  I     u  PC°plC  °tiU  in,i,t  °n 

injurie.  that  may  reTult  UWng  1116  ChanCC  in  of  the 

Catch-aii  cabineta  are  boobv  frana  a 
jury  c.u.ed  by  opening  a  cabinet  H         '         °VCr8ea'  b»8e  "P°rto  an  in- 
•pare  part,  (that  .what  a  "uU  W*°  U9ed  to  ot°" 

opening' the  door    a  ^ r   t^m  L'T*  I'  ^  1°*  ^  Cn*ine'-  "pen 
who  opened  the  door'    1  ^^1^.^  ^      ^  ^ 

A  few  ideas  which  can  save  you  grief  are: 

men  have'needTee.^  <"°ducti-  *•*  area..  Many 

laugh.  7  °U"ered  and  d^d  becau.e  .omebody  elee  "needed"  a 

cleaning  lA^^Zr.^^^9'    «"         «~«7.    Do  yDur 


>pen 

3.     Keep  tool,  and 


equipment  orderly  and  clean. 


"Safety  Fir.J."  ^^nt  wh«"  recommended.  Remember 
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FLIGHT  LINE  HAZARDS 


The  history  books  of  the  Air  Force  relate  gory  tales  concerning  care- 
lessness on  and  around  the  flight  line.    If  you  ever  saw  a  man  walk  into  a 
turning  propeller,  you'd  be  extra  cautious  around  a  flight  line.    Yet  this 
ha.  happened  many  times  in  the  past  and  people  are  still  walking  into  them. 

Just  as  dangerous  and  with  equally  fatal  results,  is  walking  near  the 
intake  area  or  exhaust  area  of  jet  engines.    A  few  years  ago.  a  student  at 
Chanute  was  drawn  into  the  intake  duct  as  he  tried  to  pass  in  front  of  an 
operating  aircraft.    Though  quick  thinking  on  the  part  of  the  instructor 
saved  his  life  (the  engine  was  shut  down),  but  the  airman  was  never  the  sam 
again.    Stay  clear  of  the  area  in  front  of  the  jet.    The  exhaust  end  of  a  jet 
is  just  as  bad.  only  here  the  danger  is  from  the  hot  gases  which  are  ex- 
pelled  from  the  tailpipe 


HAST  Xr~- 

oiutCToa  V^pTT 

IF  NOT  AVAILABLE 
CLEAR  AREA  BEHIND 
AIRPLANE  FOR  A  /  I'"' 

0ISTANCEOF   J 

200  FEET 


Figure  I.    Jet  Engine  Danger  Areas. 


fee  ■  'G^tfsn 

DISTANCE 
FEET 

TEMPER. 
ATURE -F 

VELOCITY 
KNOTS 

25 

350 

415 

50 

85 

210 

75 

150 

105 

100 

100 

45 

NOTE 
TuffoiM  disintef ration 
danger  areas  exist  to 
the  aft  ol  engines  in  the 
Wast  area.  Possibility 
of  disintegration  toward 
the  side  is  remote. 

ihere  have  been  a  few  cases  where  the  turbine  wheel  has  disintegrated 
in  operation.    Should  this  happen  with  you  standing  in  the  plane  of  "otft'on 
you  would  be  cut  to  piece*  by  tiying  Parts  traveling  far  above  the  mulz  e 

ZlL    \    \:i°C-  ■         'hlS  rCaS°n'  SUnd  fore  or  aft  °f  'he  plane  of  ro- 
tation when  the  engine  ls  betng  run  on  the  ground.    Since  daily  inspe  t  on, 
must  be  made  of  the  *heel.  necessitating  that  someone  crawl  up  the  Uitota. 

S~  -  -  -  ™  -  PreVent  l^™" 


ine 
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Before  even  going  near  the  engine,  make  certain  that  all  switches  are 
off.  The  chocks  should  be  in  place  and  the  parking  brakes  on.  Put  some- 
one in  the  cockpit  who  is  qualified.  Above  all,  don't  put  some  "hangar  pi- 
lot" in  charge  and  rely  on  his  judgment. 

When  starting  aircraft  engines,  be  certain  that  a  qualified  person  is 
standing  by  with  fire  extinguishers  which  are  ready  for  use  -  and  which 
are  of  the  correct  type.    No  other  person  than  the  fireguard  should  stand 
under  the  wing  or  in  front  of  the  aircraft.    Place  the  fireguard  near  the 
wing  tip  and  to  the  rear,  so  that  he  has  a  full  view  of  the  exhaust  cone  and 
yet  may  be  seen  by  the  man  in  the  cockpit. 

If  fire  starts,  the  man  in  the  cockpit  should  immediately: 

1.  Pull  the  throttle  back  to  the  "OFF"  position,  or  close  the 
•  top  cock  if  one  is  available. 

2.  Turn  all  the  tank  selector  switches  to  "OFF.  " 

3.  Turn  off  the  emergency  fuel  system. 

4.  Release  the  starter  switch. 

5.  Turn  off  the  battery  switch. 


SERVICING 


Fuel 


Fire  is  the  primary  hazard  of  servicing  aircraft  with  fuel.  Grounding 
prevents  static  charges  from  building  up  between  units  and  ground  and  then 
APrf™8'    SparkS         e"Pecially  dangerous  during  fueling  operations;  soooooo 
GROUND  THAT  AIRCRAFT.    Other  trouble,  can  develop  during  refueling 
though.    For  instance  

sinale  J  "f"  ConvenientlY  located  °"  the  ramp  near  the 

single  po  n  fuel  servicing  unit  and  the  hose  nozzle  was  inserted  in  the 
shig  e  point  refueling  receptacle.    The  ground  servicing  equipment  was 
started  and  the  refueling  nozzle  turned  on.    While  refueling,  a  leak  was 

t    ff  *C  CaU8C-    AS  he  rem°ved        cov«.        fuel  tank  cap 

atutl  \  T  ;PUrtCd  fr°m       fiUer  pipC  and  »truck  *~» 

Ucl 1    f  f?  AS  4  rC8Ult  the  airman  received  burns  on  the 

face  and  the  left  ear  was  deafened. 

Cause:     1.     Failure  to  secure  the  fuel  tank  caps  at  the  con- 
clusion of  the  previous  refueling. 

2.     Failure  to  check  the  caps  before  refueling. 
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Oxygen 

Modern  aircraft  have  liquid  oxygen  systems  which  present  all  the 
hazards  of  low  pressure  systems  plus  many  more.    Let's  look  at  some  of 
the  precautions  necessary  when  working  around  oxygen, 

1.  Keep_al]_ oxygen  lines,  fittings,  clothes  and  equipment  free 
from  grease  and  oil.    A  combination  of  oil  and  oxygen  creates  fires. 

2.  Don't  open  an  oxygen  valve  in  the  presence  of  fire.  It's 
like  adding  gasoline. 

3.  Before  removing  any  unit  on  the  oxygen  system,  drain  the 
system  by  opening  the  emergency  knob  on  all  regulators, 

4.  Use  protective  clothing  when  handling  liquid  oxygen.  These 
items  consist  of  rubber  impregnated  gloves  and  apron  and  a  plastic  face 
shield.    Wearing  them  properly  will  prevent  oxygen  "burns"  if  the  lines 
should  rupture. 

During  World  War  II,  a  B-17,  at  a  transition  base  in  Ohio,  was 
preparing  for  a  high  altitude  flight.    After  taxiing  to  approximately  300 
feet  from  the  runway,  the  aircraft  took  its  place  at  the  end  of  the  runway 
for  a  final  check,  when  suddenly  a  blast  blew  the  aircraft  completely 
open  from  the  nose  section  to  the  waist  gun  section  and  killed  five  crew- 
men.   Investigation  disclosed  that  the  oxygen  system  of  the  aircraft  had 
been  charged  with  a  mixture  of  hydrogen  and  oxygen.    The  tanks  used  to 
fill  the  aircraft  had  been  of  all  colors  and  sizes.    The  service  crew  had 
used  one  red  tank  and  one  orange  tank  to  make  up  their  cart.    The  fitting 
on  the  red  tank  would  not  screw  in,  so  the  airmen  cross  threaded  the  fit- 
tings so  as  to  connect  them  to  the  filler  line.    It  is  presumed  that  one  of 
the  crewmembers  wanted  to  smoke  while  preflighting  the  oxygen  system 
before  take-off. 


COCKPIT  HAZARDS 

In  modern  aircraft,  the  cockpit,  like  a  cannon,  is  deadly  in  the  hands 
of  the  inexperienced.    Modern  cockpits  control  explosive  wing  tip  tanks, 
canopies,  seats,  and  radar  equipment.    In  addition  to  all  that,  it  contains 
other  killers  such  as  landing  gear  controls  and  flap  controls. 

A  B-47,  on  which  some  maintenance  had  been  performed  during 
an  inspection,  was  being  prepared  for  towing  from  a  hangar.    The  air- 
craft canopy  over  the  pilot's  compartment  was  open  and  an  A/1C  was  in 
the  pilot's  seat.    External  power  had  been  left  connected  to  the  aircraft 
by  a  previous  crew  which  had  checked  flaps  and  ailerons.    The  A/1C  in 
the  cockpit  rose  and  talked  with  the  mechanic  on  the  floor,  asking  him 
for  clearance  to  raise  the  flaps.    After  giving  an  OK,  the  airman  on  the 
floor  walked  toward  the  right  rear  wing  to  check  the  flaps.    Observing  no 
flap  movement,  he  glanced  to  the  cockpit  and  saw  the  A/1C  wedged 
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between  the  canopy  and  the  wind.hield.    The  control  lever  had  been  acci- 
neck.    The  medic  was  called  but  the  airman  was  dead. 

Causes:  I.     The  A/1C  actuated  the  canopy  control  lever  in- 
stead  of  the  wing  flap  control  lever. 

2.     Failure  to  lock  the  canopy  in  the  open  position 
with  safety  locks. 

.ton  <    fnA  b*'e  ^        midwest  had  an  F-104A,  not  assigned  to  that  base 
.  op  In  for  minor  maintenance.    The  maintenance  required  removal  of  L 
ejection  .eat.    Four  men  were  working  on  the  project  -  two  at  the  cockpit 

hal  Amoved  "  'T^  '°  "  Wh"  U  The  ™  2  this  S.e 

wMU  .T  '   ,  !"  8Cat8  °n  "Veral  F-104'-  recently  »»d  it  had  been  a 

wh  le  sxnce  any  of  them  had  read  a  Technical  Order  on  .eat  removal  <£. 

iLtlT.  * .f;SC°nneCted  the  ejecti°"  but  didn't  realize  that  thi. 

trolT  dl"erfnt;-         "  had  »  "cond  ejection  release.    In  preparing  to 
drop  the  .eat,  it  ejected,  killing  one  man  and  cutting  the  leg.  off  another 

Cau.e:    Failure  to  keep  abrea.t  of  Technical  Order  change.. 

Since^arn^nT17  danger°U8  8ituation  h*«  developed  recently  in  the  USAF. 
ST!  <« intCnanc%men  are  "q"i"d  to  crawl  in  and  out  of  the  cockpit  in 
dVnEduT""      uhCir  dUtiC9'  thCy  reC0«ni"  the  consequence,  oTacci- 
tult  yth.     i'gl?  ejCCti0n  mech*ni«™'  «P  tank.,  etc.    A.  a  re- 

sult   they  often  dxsconnect  the  ejection  .y.tem  as  a  .afety  measure  That 

SYSTPM ^IVr'r:^  mU8t  MAKE  CERTAIN  THE  SEAT  EJECTION 
SYSTEM  IS  RECONNECTED  before  signing  off  the  maintenance. 

?  *  reCCnt  in8Pect*on  of  tran.ient  F-104  aircraft  Wrioht-Patt-r 
son  AFB  discovered  that,  of  21  aircraft  checked,  18  were  found  ^  h  * 

a     r  tfr'om  Si  i'T^   **tMB  °£  tW-*-M  >il°t8 
c      N         7       v  *      nece»»ary.  it  "ould  have  been  impos.ible  to 
eject.    No  one  know,  how  many  pilots  have  been  killed  because  some  care- 
less  maxntenance  man  forgot  to  connect  the  ,eat  ejection  .y.tem 

coC^;^:™^;<  ta^r rul" to  £ollow  to  make  certain  that 

craft  on  which^  "iVSto^'^'i  J'  ^  "  «*' 

know  mrti„  JLf       v      worKin8-    Know  these  detail.  *o  well  that  you 

beinB  ab!e  to  r         V  ^  d°"  4nd  how  "  d°"       *•  wsOLa. 

being  able  to  recognize  non-standard  equipment. 

2.     NEVER  PULL  A  HANDLE  OR  FLIP  A  SWITCH  if  „o„ 
certain  of  the  re.ult..  SWITCH  if  you  are  not 
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3.     USE  CAUTION  when  working  in  and  around  a  cockpit  so  that 
you  do  not  accidently  lean  against  or  brush  against  any  handles,  switches, 
or  levers. 


RADIATION. 


Atomic 


Modern  aircraft  and  their  crews 
are  in  the  business  of  transporting 
atomic  weapons  to  targets.    As  a  re- 
sult, they  can  easily  become  contam- 
inated with  radioactive  dust.  With 
this  in  mind,  let  's  look  at  how  con- 
taminated aircraft  are  handled. 

When  aircraft,  suspected  of  be- 
ing contaminated,  land,  they  are  im- 
mediately sent  to  the  "hot  ramp" 
where  they  are  placarded  with  the 
radiation  warning  placard,  AFTO 
Form  9.    A  radiological  medical 
service  officer  checks  the  aircraft 
daily  to  determine  when  it  is  safe 
to  move  it  to  the  wash  racks  where 
it  is  scrubbed,  rechecked  and  if 
necessary,  scrubbed  again  until  de- 
contaminated. 


DANGER 
RADIATION 


Figure  2.    Radiation  Symbol. 


Personnel  working  in  the  vicinity  of  contaminated  equipmen<  will  either 
carry  a  dosimeter  in  their  pocket  (which  records  the  intensity)  or  a  film 
badge  (which  records  the  amount  of  accumulated  radiation).    Exposure  to 
small  amounts  over  a  period  of  time  is  as  dangerous  as  a  large  dose. 

Early  effects  of  an  over-amount  of  radiation  include  nausea,  vomiting 
and  a  general  run-down  feeling.    Should  anyone  suffer  from  these  symptoms, 
he  should  see  the  medics  immediately. 

Electromagnetic 

Since  aircraft  first  began  carrying  electronic  equipment  --  radar,  ECM, 
etc  --  scientists  have  studied  the  effects  of  the  transmitted  signals  on  the 
human  body.    Until  recently  it  was  never  a  problem.    However,  modern 
equipment  has  increased  the  hazard.,    it  i,  now  recognized  that  two  types 
of  radiation  result  from  operating  high-frequency  electronic  equipment  -- 
X-rays  and  electromagnetic  radiation. 
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.hield.'d?/  "!  n<>t  reC0«ni"d  "  being  a  great  hazard  becau.e  unit,  are 
•hielded  in  >uch  a  way  a.  to  hold  the  X-ray.  in.ide  the  .hielding 

of  thffe,Ctr°magnViCL  radiation  "hi'h  come,  from  the  antenna  i.  the  re.ult 
of  the  frequency  of  the  wivm     n.  mu~~*     *i_  result 

the  frequency,  the  «ea7e tum  7         °  lV  length  *nd  the  hig*" 

cu.e  «*ey  bu  n  the  boSv  ben-th  Tr  u-  ™  d*n««°-  «»- 

burning  feeling  b.for.  hlrm  i.  Jo       h        J***  ™Y  °'  may  n0t  C*U>e  * 

be  un^^ha,"^  "SS^S^  - 
Internal  burn'  „ale  re.u^eJ  I  i  I!  "T.  ^V^'  "  *  re>ult  °f  »• 
be  con.idered  hazard".  ^  ^  ^  »M  radUti°n 


[tnMTh<  n°rr"al  dan«er  i«  *  50  feet  radio,  from  the  center  of  the  an 

tennm  cone.    In  tests  how.i/ei.  u  iL       j  cnier  01  1116  *n- 

HIGH  INTENSITY  SOUND. 

in,  ht'.n"cr.V.".d  nes„hlHe  beC°me  "lnd"d  «*ai«n«t.  the  danger  to  hear, 
tng  iui  increa.ed.   Soundi  are  getting  louder  and  higher         ,  „„,,,  „.„ 
wear  upon  the  nervou.  .y.teml  „r  tho„  wh0  „,„„  w^  around  en.  „,.'  °"y 

i.  that  earptug.  don^r'.?.  *  ^'^J^S^  JEST 
them  will  .av.  you  much  di.comfort,  both  at  the  lim,  .„d  later  in  li"  ' 
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ELECTRICAL  HAZARDS. 
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Nearly  everyone  it  cautious  with  electricity.    Few  enjoy  an  unexpected 
•hock,  no  matter  how  small.    It  it  a  common  impression  that  death  is  caused 
by  high  voltage;  some  "experts"  claim  that  few  deaths  occur  below  220  volts. 
Yet  statistics  tell  a  different  story.    Over  700  people  die  every  year  from 
voltages  in  the  110-220  volt  range.    A  surprising  number,  are  caused  by  110 
volts.    Look  at  the  facts  from  a  medical  standpoint.    Voltage  alone  doe*  not 
kill.    The  guy  in  the  side  show  electric  chair  takes  30  to  40  thousand  volts  with 
very  low  current.    Sparks  an  inch  long  jump  from  his  tongue  or  his  fingers. 
How  much  current  flows  through  his  body?    Very  little.    Three  factors  decide 
whether  electricity  is  lethal. 

1.  The  quantity  of  current  flowing  through  the  body. 

2.  The  path  followed  by  the  current  through  the  body.  Naturally, 
if  a  vital  organ  lies  in  the  path  the  chance  of  escaping  injury  is  small. 

3.  The  time  that  the  current  flows  through  the  body.  Electrical 
nerve  impulses  flow  through  innumerable  relays  or  junctions,  called  synapses. 
A  synapse,  like  a  fuse,  can  take  a  slight  overload  for  only  a  short  time  with- 
out failure.    This  "grace"  time  is  very  brief.    Exceeding  this  time   is  very 
dangerous. 

The  voltage/current  combination  required  to  bring  death  depends  a  lot 
upon  a  person's  physical  condition  and  surroundings.    A  few  cases  will  bring 
out  this  point.    In  Chicago,  records  show  how  65  volts  brought  death.  The 
victim  was  intoxicated  and  lying  in  a  bathtub  into  which  he  had  knocked  a 
heating  element.    Analyse  his  case. 

1.  Alcohol  had  lowered  his  electrical  resistance  appreciably. 

2.  The  body  was  immersed  in  water,  which  is  a  conductor. 

3.  An  autopsy  showed  "fatty  heart,  "  any  shock  would  have  been 
dangerous. 

In  Cleveland  a  janitor  sprinkled  the  inside  of  n  boiler  with  water  to  settle 
dust.    Then  he  carried  an  electric  cord  and  light  inside  to  do  a  repair  job. 
His  wife  found  his  body  several  hours  later.    Damp  surroundings,  poor  equip- 
ment, good  "connections.  "...  n  r 

This  incident  happened  in  the  instrument  Course  at  Chanute  Air  Force 
Base.    A  student  picked  up  a  "live"  220  volt  connection  and  proceeded  to  pull 
it  apart,  meanwhile  holding  it  at  eye  level.    It  arced  and  the  student  suffered 
flash  burns,  and  lost  his  eyelashes.    All  this  could  have  been  avoided  if  he 
had  only   cut  the  power"  before  attempting  the  job.    Poor  equipment  was  also 
involved.    In  this  case,  the  weakeness  was  not  apparent  to  the  naked  eye. 
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w*2£Z  ^  ^anUte'  *  §tUd6nt  W°rkln«  °n  a  tr»,ntr  *".mpf  d  to  perform 

o^W  voiulc     d",  rt6m  P°War  °"'   *™ """J      .of  "hung up- 

on 25  volt.  AC  and  frose  in  his  shoes  through  shock.   His  alert  partner  turn.d 
the  equipment  off  but  wasn't  quick  enough  to  catch  th.  .tlLuh, Z£« 
This  rather  trivial  accident  could  also  have  been  avoided  by  simply  t£ow7n. 
the  switch  to  the  "OFF"  position  before  the  work  was  startld  ' 

c»tionnh/h°,Ul?  ^  CarefUl  ab°Ut  rlngi'  w*tch  chains,  wrist  watches,  id.ntifi- 
cation  bracelets,  etc;  some  tragic  thing,  happen  because  of  them.   In  on. 

abound  M.   f  '         §eVerely  bUrned  by  *  WrlBt  W'tch'         ™  ^'Wng 
ene^fae^i  cur""  CU"ent       **  CMM  in  COn"Ct  "lth  th* 


bas.^rLsr'A?  °f  barrieri?  learn       beli6Ve  in  ii«ni-    At ™ 

base  a  radar  set  was  being  repaired  while  it  was  in  operation.   A  lar.e  con- 

^thV^Lr \n'  7  VOlt"  ™  "'^^  pU"d  *  *  woodeL* Tair \ .. 
ENTER  mru  in,'  ^^^n,  ranCM  to  the  room  wer*        P°-^d  "BO  NOT 
S^2a^2l  «     TA(1EJ     An  Unbellev"  — *wd  intone  area;  he  pushed 

dens^Mnto  the  meTal'd         ^  T*       ^    ^  *°mth« 
uen.er  into  the  metal  door  resulted  in  his  death. 

GENERAL  SAFETY  HTNTS 

pi..1ThH"  r.;:  .z':;  ».T  h",,•  *- m,y  heip  >°»  - *  •  -~~ 

^  less,  of  .£?  I1"*  "^V*  <ngine  §Und*  {itmlY  A  sudden  re- 

in  m.!nt.n  ?  ^ight  all°W  the  •ngin*  t0  ,wln«  ir"  ■*»  «*»  you.  Keep 
all  maintenance  stands  clean  and  in  good  repair.  P 

have  cau.?d7aUlUfan.0li  r"  T  !°01  b°X*    ^°§e  toola'  wh™  on 

1™' k,,p  your  tocl  box  wh- ■  " 

certain  -a  work.tand.  look  around.  Make 

like     TheVeTr^r"  m*gneiium  with  material,  steel  wool  or  the 

like.    These  are  the  element,  used  in  making  magne.ium  flares. 

Never  walk  under  an  aircraft  unannounced. 

U.e  crew  chief  .tand.  to  climb  on  and  off  the  wing..    DON'T  JUMP. 

the  .pecifi*Ioo?.haKd  IT         re§Ult  fr°m  "movin«  fuel  tank  cap..  Us. 
the  .pecial  tool,  which  have  been  de.igned  for  thi.  purpo... 

tion  befor^ma8,!11^,4 droPPable  <uel  *re  rai.ed  almost  to  po.i- 

.w    £££ SKILLS ZZTT*  exTely care'ul to 

your  body  under  filled  w^ [  tank.  CraWHng  UwUr  °r  pUclng  P*'tB  °< 
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When  pressure  testing  the  cockpit,  safety  straps  made  of  canvas 
webbing  should  be  used  to  fasten  the  canopy  to  the  fuselage  to  prevent  damage 
in  case  of  failure  of  the  mechanism.    Don't  ever  raise  the  interior  pressure 
more  than  specified  lest  the  canopy  rupture. 

Century  series  aircraft  wings  have  razor-sharp  edges.    Just  walking 
into  the  wing's  leading  edge  may  give  you  a  cut,  even  through  your  clothing. 

From  all  the  accidents  we've  heard  involving  bomb  bay  doors,  we'd 
better  pass  the  word  on  to  you.    They  have  cut  more  than  one  body  in  two. 
Before  you  go  into  a  bomb  bay,  MAKE  CERTAIN  THE  LOCKS  ARE  IN. 

Aircraft  surfaces  aro  exceedingly  slippery.    This  is  especially  true 
when  wet  or  when  gasoline  has  been  spilled  on  them.    NEVER  walk  on  an  un- 
covered airfoil  surface.    It  will  be  marred.    Many  sharp  edges  exist  around 
aircraft  -  -  flaps,  landing  gear  fairings,  doors,  ailerons,  elevators  and  tabs. 
Slip-on  pads  will  eliminate  a  lot  of  such  trouble. 

Some  ailerons  are  operated  by  the  control  stick  through  a  hydraulic 
booster  which  adds  to  the  force  supplied  by  the  pilot.    The  pilot  supplies  only 
one-fifth  of  the  total  force  required  to  move  the  surface.    Keep  your  hands 
out  of  the  aileron  space.    Nothing  can  save  you  from  a  terrible  mutilation  if 
the  ailerons  move.    Fingers  have  been  crushed  when  cockpit  jockeys  have 
moved  controls  while  mechanics  fingers  were  on  them. 

The  tailpipe  is  wrapped  in  many  layers  of  insulating  material  to 
protect  the  aircraft  structure  from  the  excessive  operating  temperatures. 
Don't  damage  these  layers  or  the  plane  may  suffer  structural  failure. 

Remove  all  jewelry  from  your  arms  and  fingers.  Mechanics  have 
received  severe  finger  lacerations  when  rings  became  entangled  in  the 
aircraft. 

FORM  SAFE  HABITS. 


Since  it  has  been  shown  that  safety  is  the  result  of  habits,  perhaps  it 
is  well  to  consider  what  we  can  do  to  formulate  safe  habits. 

1.     For  one  complete  week,  think  thoroughly  of  the  possible  con- 
sequences of  each  and  every  thing  you  do  -  -  action,  remark,  etc,  -  -  what 
could  happen  if  you  smoke  in  bed  -  -  what  could  happen  if  you  didn't  check 
to  make  certain  the  match  was  out  before  you  threw  it  away  while  in  the 
barracks  -  -  what  could  happen  if  you  tripped  the  guy  marching  ahead  of  you  -  - 
what  could  result  from  wrestling  with  another  airman,  even  a  smaller  airman 
than  yourself?   -  -  what  could  happen  if  you  jacked  an  aircraft  on  a  gusty  day? 
-  -  what  could  happen  if  you  drove  on  the  left  lane  of  a  highway?   These  are 
things  we  do  everyday  without  thinking  twice.    They  are  the  things,  however, 
that  cause  accidents.    Since  throwing  burr.ed  matches  away  is  a  routine,  may- 
be we  should  take  an  inventory  on  how  we  throw  this  match  away.    Do  we  always 
check  to  make  certain  the  match  is  out?   Do  we  always  check  to  see  that  it 
lands  in  a  suitable  fireproof  container?   Do  we  make  certain  that  nothing  in- 
flammable is  in  the  butt  can?  j£ 
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If  we'll  project  these  and  several  other  questions  to  the  other 
routine  tasks  (habits)  that  make  up  living,  we'll  soon  recognize  that  most 
of  us  are  potential  destroyers. 

2.  Make  it  a  habit  to  read  all  the  details  about  accidents  that  happen 
in  our  area  -  -  both  "on  duty''  and  "off  duty"  accidents,  paying  particular 
attention  to  the  situations  leading  up  to  the  accidents  and  the  gory  details  that 
make  up  the  hospital  records  and  the  obituary  columns.    A  state  patrolman 
recently  made  this  remark,  "If  you'd  have  seen  the  bloody  mess,  you'd  wonder 
why  anybody  would  ever  drink,  much  less  drive  while  drunk.  "  People  can 
learn  from  the  mistakes  of  others.    Take  time  out  to  consider  the  possible  re- 
suits  of  driving  while  drinking. 

3.  Make.a  mental  check  list  regarding  the  safe  way  of  doing  things-  - 
our  jobs,  walking  and  driving  habits,  attitude,  toward  those  little  things  we  do. 
Consider  the  safe  way,  then  follow  it.     Speed  and  carelessness  kill.    You  are 
held  responsible  for  your  actions. 
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Jet  Engine  Branch 
Chanute  AFB,  Illinois 


3ABR42633-WB-102 


SHOP  AND  FLIGHT  LINE  SAFETY 


OBJECTIVES 

After  completing  this  workbook  and  your  classroom  instruction,  you 
will  be  able  to: 

1.  Identify  the  purpose  of  the  accident  prevention  program. 

2.  Identify  health  and  noise  hazards. 

3.  Identify  shop  and  flight  line  safety  practices. 

4.  Identify  and  state  procedures  for  the  prevention  of  foreign 
object  damage. 

EQUIPMENT 


PROCEDURE 

Uee  the  information  presented  in  the  classroom  presentation  and 
study  guide.    Fill  in  the  spaces  provided  with  the  correct  information. 


1.      Accident  Prevention  Program. 

a.  The  purpose  of  the  accident  prevention  program  is  to: 

(1)  prevent  personal   ,  • 

(2)  prevent  damage  to    • 

(3)  save  time  and   • 

b.  The  first  rule  of  accident  prevention  is   


3ABR42633-SG-102 


Basis  of  Issue 
l/student 


Section  1.    ACCIDENT  PREVENTION 


The  title  of  AFR  127-101  is 


0?R:  3350  TCHTG 
DISTRIBUTION:  X 

3350  TCHTG/TTGU-J  -  450;  DAV  -  1 
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d.  Part  of  your  education  and  training  in  the  accident 
prevention  program  is  carried  out- through  safety  _____  and   

e.  Safety  is  the   of  everyone. 

2.      Health  Hazards. 

a.  Inflammation  of  the  skin  could  result  as   

remove  natural  fats  and  oils  from  the  skin. 

b.  Inhaling  fuel  vapors  may  cause  serious   

c.  Swallowing  fuels  will  result  in   

injury  and  possible  death. 

3«      Noise  Hazards. 

a.  Use  ear    or  ear   when 

working  around  or  near  operating  jet  engines. 

b.  Extreme  noise  potentials  may: 

(1)    be  dangerous  to  your   
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(2)  interfere  with    communication. 

(3)  lead  to  fatigue  which  leads  to  maintenance   

which  leads  to   (   ,  

c.      High  frequency  sound  produced  by  operating  jet  engines 

is  one  form  of  noise  pollution  which  could  cause    damage. 

4.      Shop  Safety. 

a.  Remove  all   before  starting  to  work. 

b.  The  type  of  clothing  worn  on  the  job  is  determined  by 
the  nature  of  the  . 

c.  Keep        _______  clean  and  clear  from  obstruction  at 

all  times. 

d.  Drips  and  spills  should  be   ,       up  immediately 

with  rags  or  a  nonflammable  . 

e.  Maintain  a  work  area. 

f .  When  manually  lifting  an  object,  you  should  remember  to 
use  your  and   keeping  your  back  straight. 
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g.      Some  things  to  remember  about  mechanical  handling  and 
lifting  devices  are: 


(1)    They  are  used  on 


or  bulky  loads, 


(2)    All  operations  should  be 


personnel. 


(3)    They  should  only  be  operated  by 


(4)    Become  familiar  with 


(5)  They  must  be  tested  and 

(6)  Do  not  exceed   


precautions. 
  periodically. 


h. 


safety 


 capacities. 

When  using  work  stands,  the  safety  €  and 

— should  be  installed  and  the  wheels 


5.      Foreign  Object  Damage  (FOD) . 

a.      Foreign  object  damage  can  be  defined  as  any 


b. 


entering  the  engine  from  an  external  source. 

is  the  largest  single  cause  for  removal  of  gas 


turbine  engines  from  aircraft  -  other  than  scheduled  maintenance, 
c.      Some  examples  of  foreign  objects  are: 

(1)  

(2)   

(3)  


after  each  job 


Four  rules  for  preventing  FOD  are: 
(1)    Checking  tools  against  a   


before  and 


(2)  Removing  all 

(3)  Constant   


from  your  person. 


of  all  areas. 


(4)    Become  familiar  with  AFR 
covers  the  prevention  of  FOD. 


which 


6.      Danger  Areas  of  Operating  Engines, 
a.      Danger  areas  include  the  engine 


and 


feet  from  the  inlet,  and 


and  rearward  is  considered  a  safe  distance  from  the  inlet. 
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feet  to  the  side 


c.  The  minimum  safe  distance  of  a  turboprop  propeller 
exhaust  is: 

(1)   feet  wake  velocity  is  128  KTS. 

(2)   feet  wake  velocity  is  107  KTS. 

d.  Rotating  starters  and  turbine  wheels  have  danger  areas 
called  the  of  rotation. 

e.  Red  line  or  lines  around  the  fuselage  or  cowling  identifies 
the  of  * 

7.      Fire  Prevention. 

a.  The  friction  of  two  unlike  materials  can  cause  a  buildup 
of  electrical  energy  known  as  ,   * 

b.  Static  electricity  cannot  be  eliminated  but  can  be 
controlled  by  and  • 


c.  The  strap  that  electrically  connects  your  automobile 
engine  to  the  body  would  be  an  example  of  • 

d.  The  disposal  of  combustible  materials  should  be  made  in 

a  marked  metal  container  with  a   closing  lid, 


e.  Combustible  materials  should  be  at  the  end 

of  each  day. 

f .  The  disposal  of  materials  should  be  made  in 

a  metal  container  plainly  marked. 

g.  No  smoking  is  permitted  unless  designated  by  the  base 


h.  The  three  fire  classifications  are: 

(1)  Class  -  wood,  paper,  rags,  trash. 

(2)  Class  -  flammable  liquids. 

(3)  Class    -  electrical. 

i.  The  purpose  of  fire  extinguishers  is  to  produce  a 
or    effect  on  the  fire. 
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J.      Pressurized  water  extinguishers  can  only  be  used  on 

class  fires. 

k.      Pressurized  water  extinguishers  create  a   

effect  on  fires.   


1.      Foam  type  extinguishers  can  be  used  on  class   

and    fires. 

m.      Carbon  dioxide  (C(>2)  extinguishers  can  be  used  on 
,  classes  of  fires. 


n.      Dry  chemical  extinguishers  can  be  used  on 
classes  of  fires. 


o.     The  foam,  C(>2,  and  dry  chemical  extinguishers  all 
«eate  *  -   effect  on  the  fire. 

p.      Fire  extinguishers  should  be  inspected  for  

safeties  and/or   _  in  piace. 

Section  2.    CAPTION  TO  PHOTO  MATCHING 

PROCEDURES 

Write  the  proper  captions,  from  those  listed  below,  under  figures  1 
through  15,  and  fill  in  the  blanks  to  complete  the  accompanying  statements, 
Jet  engine  foreign  object  damage  (FOD). 
Dry  chemical  extinguisher. 
Personnel  maintenance  stand. 
Turboprop  engine  danger  areas. 
Pressurized  water  extinguisher. 
Hydraulic  lifting  jack. 
Aircraft  grounding. 
Turboprop  engine  maintenance  stand. 
Carbon  dioxide  (C02)  extinguisher. 
Protective  clothing* 
Safety  toe,  nonsparking  shoes. 
Mechanical  lifting  device. 
Combustible  waste  containers. 
Wrong  and  right  inanual  lifting. 
Self-closing  metal  container. 
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Figure  7. 


This  la  an  illuatration  of  a  claaa    (electrical)  fire  being 

•xtinguiahed  by  a  _  extinguisher. 


Figure  8. 
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with  the  »«fety      installed. 
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« 

Figure  15. 


Stay  au  least 


feet  from  the  propeller  and 


feet  from 


exhausts  of  operating  aircraft  engines  at  wake  velocity  of  69  knots, 
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REVIEW  QUESTIONS 

1.    The  purpose  of  the  accident  prevention  program  is  to  prevent 
personal  >  damage  to  >  and  save  time  and   


2«    A^R  — _____  i«  titled  Ground  Accident  Prevention  Handbook. 

3.  "Good  housekeeping"  or  a  place  for  and  everything 

in  its  place  plays  an  important  part  in  reducing  shop  • 

4.  The  first  thing  you  should  do  before  starting  to  work  on  any 
piece  of  equipment  is  to  remove  all  • 

5.  When  lifting  objects,  be  sure  to  use  your  t  ( 

and  not  y°ur  back. 

6.  Lifting  heavy  weights  that  exceed  the  limits  prescribed  in 
AFR  127-101  over  a  period  of  time  may  cause  back  • 

7.  Mechanical  handling  and  lifting  devices  should  be   

and  periodically. 

8.  Remember  not  to  exceed   capacities  when  using 

equipment  such  as  jacks  and  hoists. 

9.  Three  things  that  should  be  done  when  using  vorkstands  are: 

a.  Safety   installed. 

b.  Safety  installed. 

c.  Wheels   t  . 

10.  Foreign  object  damage  can  result  from  being 

where  its  not  supposed  to  be. 

11.  The  publication  that  deals  with  FOD  is  AFR  m  . 

12.  Always  use  a  checklist  to  check  your  tools    and 

  each  job. 


13.  ______  i*  the  largest  single  cause  for    removal 

other  than  scheduled  maintenance. 

14.  A  list  of  danger  areas  of  operating  jet  engines  could  include 
the  ,  >  and  plane  of   . 
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15.  The  high  frequency  sound  of  operating  jet  engines  could  cause 
possible  ear  * 

16.  The  minimum  safe  distance  from  the  exhaust  of  an  operating  jet 
engine's  wake  velocity  of  107  knots  is    feet. 

17.  The  plane  of  rotation  on  jet  engines  is  identified  by   

line  or  lines  around  the  ,  or  cowling. 

18.  Static  electricity  can  be  controlled  by    and 


19.  When  several  fuel  drums  are  lined  up  together,  they  all  should 
be  together  and  then  all  connected  to  a  common   

20.  Two  fire  extinguishers  that  can  be  used  on  all  three  classes 
of  fires  are  the  and   . 
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ABORT  —  To  stop  or  fail  in  the  early  stages.    To  turn  back  without 
completion. 

ACCELERATION  —  The  rate  of  change  in  velocity  (a  change  in  speed). 

AIR  START  —  Engine  stan  made  In  flight  using  ram  nir  to  rotate  the 
engine  compressors. 

AMBIENT  AIR  ~  Air  surrounding  all  sides  of  an  engine,  air  available 
for  consumption. 

ANNEALING  —  A  process  of  heat  treating  to  soften  metal. 

ANTI  FRICTION  —  Reducing  friction;  having  rolling  contact  instead  of 
sliding  contact  (ball  bearing). 

ANTI-ICING  —  Prevention  of  ice  formation. 

ATOMIZED  —  To  reduce  to  fine  particles  or  spray. 

AXIAL  FLOW  —  Refers  to  the  path  of  air  as  it  passes  along  the  axis 
(or  shaft)  of  engine  rotating  assembly. 

AXIALLY  —  Extending  in  a  direction  essentially  parallel  to  the  main 
axis  of  the  engine. 

BAFFLE  —  An  obstruction  designed  to  control  the  flow  of  air  or  fluids. 

Something  for  deflecting,  checking,  or  otherwise  regulating 
flow. 

BLENDING  —  To  mix  or  fuse  thoroughly  so  parts  are  no  longer  distinct. 

BOWING  —  Curving  or  gradual  deviation  from  original  line  or  plane  usually 
caused  by  lateral  force  anc.'or  heat. 

BRINNELLING  —  Indentations  sometimes  found  on  surface  of  ball  or  roller 
bearing  parts. 

BURRS  —  A  rough  edge  or  a  sharp  projection  on  the  edge  of  surface  of 
the  parent  material. 

BYPASS  —  A  pipe  between  two  point's  that  avoids  or  is  auxiliary  to  the 
main  way. 

BYPASS  VALVE  —  A  valve  that  allows  oil  to  go  around  a  filter  that  is 
clogged. 

CAGE  —  A  frame  for  holding  bearing  in  place  around  in  shaft  journal. 
CATEGORY  —  A  Classification  division  in  any  field  or  knowledge. 
CENTRIFUGAL  —  Moving  or  directed  outward  from  the  center. 
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CHAFFING  —  A  rubbing  action  between  two  parte  having  limited  relative  • 
motion,  which  will  cause  wear* 

CLOGGED  —  To  become  stopped  up  (such  as  a  fuel  line  becoming  blocked). 

CLUSTER  —  A  number  of  things  of  the  same  sort  gathered  or  growing 

together;  bunch  (a  slucter  or  a  bunch  of  fuel  nozzles  such 
as  six  (6)  nozzle  for  each  of  the  eight  (8)  combustion 
chamber  in  a  J57  engine) 

COMPRESSOR  BLADE  (ROTOR)       A  rotating  airfoil  shaped  component  which 

moves  the  air  along. 

COMPRESSOR  VANE  (STATOR)  ~  A  stationary  airfoil  -  shaped  component 

which  raises  pressure. 

COMPRISED  —  To  include,  sum  up. 

CONFIGURATION  —  Form  contour  or  structure  as  determined  by  the 
arrangement  of  parts. 

CONFINED  ~  To  keep  within  limits;  to  keep  shut  up. 

CONTAMINATION  —  To  make  impure,  pollute,  dirty  (such  as  a  dirty 
oil  filter) 

CONVERGENT  ~  To  tend  to  meet  in  a  point  on  a  line.     Incline  toward 
each  other. 

CONVERGENT  DUCT  ~  Becoming  continuously  smaller  in  the  direction  of 

flow. 

DAMPENED  —  To  moisten;  to  deaden;  depress,  reduce  or  lessen. 
DEAERATOR  —  A  unit  that  removes  air  from  the  oil. 

DEESERGIZE  —  To  check  the  flow  of  current  through  (an  electrical  device) 

DEGREASING  —  To  remove  grease  or  oil  from  metals  with  hot  or  cold 
chemicals. 

DEMAGNETIZE  —  The  purpose  is  to  eliminate  the  residual  magnetism 

which  would  cause  particles  to  adhere  to  the  bearing. 

DEMI NERALI ZED  —  To  remove  the  mineral  matter  from  (as  water). 

DEPRESERVATION  —  The  act  of  removing  the  barrier  so  that  the  engine 
could  be  put  into  use. 

DISCARDED  —  To  get  rid  of;  to  throw  away. 
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DIVERGENT  —  Pertaining  to  a  condition  brought  about  by  a  net  flow  of 
air  from  a  given  region  or  air  moving  in  different 
directions  from  a  common  point* 

DIVERGENT  DUCT  —  Becoming  continuously  larger  in  the  direction  of  flow, 

DRONE  —  A  pilotless  airplane  directed  by  remote  control* 

DUCT  —  A  passage  which  contains  and  controls  the  flow  of  gases  in  motion , 

DUEL  —  Meaning  two  (2). 

DUET  ~  A  composition  for  two  voices  or  instruments , 

DUPLEX  (OR  DOUBLE)  BEARING  —  Two  independent  bearings  paried  up  and 

acting  as  one, 

ENERGIZE  —  To  give  energy  to.    To  apply  a  source  of  voltage  or  current  to, 

FACILITATE  ~  To  make  easier  or  less  difficult, 

FAILURES  —  The  act,  fact,  failing,  falling  short,  not  doing  or 

succeeding  in  passing  a  test  or  part  not  operating  their 
normal  times. 


FERRULE  —  To  give  added  strength  to  metal.     Enclosing  the  end  of  a 

tool.  Handle  or  similar  object  to  strengthen  it  or  prevent 
spilling  and  wearing, 

FIRMLY  —  Not  yielding  easily  under;  solid;  steady, 

FLANGE  ~  A  rim  or  edge  (as  on  a  shaft  or  a  pipefitting)  projecting  at 
right  angles  to  provide  strength  or  means  of  attachment  to 
another  part. 


FLUORESCENT  —  To  make  cracks  readly  visible  when  viewed  under 
ultra-violet  light, 

FLUORESCENT  PENETRANT  ~  Is  a  nondestructive  means  of  inspecting 

materials  and  parts  for  surface  cracks  or 
discontinuities, 

FLUSH  —  Making  an  evan  line  or  plane,  even  with  a  margin  or  edge, 
so  as  to  be  level  or  in  alignment, 

FRAGILE  —  Easily  broken,  damaged  or  destroyed,  frail,  delicate, 

GALLING  —  A  transfer  of  metal  by  rubbing  one  surface  to  another.  To 
wear  away  by  friction, 

GASKET  —  A  piece  or  ring  of  rubber  metal,  etc,  placed  around  a  piston 
or  joint  to  make  it  leakproof , 

HUB  —  The  center  part  of  a  wheel.    The  central  part  of  a  motor  -  driven 
fan  to  which  the  blades  are  attached. 


ERLC 


144 


INGESTION  —  To  take  as  by  swallowing  or  absorbing.    Foreign  object 
that  may  be  swallowed  by  a  jet  engine  which  would 
cause  damage. 

INTERMEDIATE  —  Lying  or  being  in  the  middle  place,  coming  in  between* 
J57  engine  has  what  is  called  intermediate  front 
bearing  (no.  2)  and  intermediate  rear  bearing  (no,  3) 
which  is  between  the  front  and  rear  compressors, 

JAMMED  —  To  squeeze  Into  or  through  a  confined  space.    To  become 
wedged  or  stuck  fast, 

JOURNAL  —  A  machined  surface  on  which  the  inner  ring  of  anti-friction 
bearing  is  mounted. 

LEAKAGE  ~  An  act  or  instance  of  leaking;  the  amount  that  leaks  in  or 
out  of  an  area. 

LUG  —  An  ear  like  projection  by  which  a  thing  is  held  or  supported,  A 
projection  on  a  casting  to  which  a  bolt  or  another  part  may  be 
fitted, 

MATING  SPLINES  —  The  act  of  matching  splines  (a  series  of  projecting 
keys  and  fitting  into  an  internal  groved  cylindrical 
member) • 

MATTER  —  The  substance  of  which  physical  object  consist  of  or  are 

composed  of.    Found  in  three  states;  solid,  liquid  and  gas, 

MISCELLANEOUS  —  Consisting  of  various  kinds,  mixed  hardware,  such 
as  nuts,  bolts,  studs  and  etc. 

MULTI  —  A  word  element  meaning  "many"  (such  as  three  or  more), 

NACELLE  —  The  enclosed  part  of  an  airplane  in  which  the  engine  is 
housed, 

NOMENCLATURE  —  Technical  name  or  description  of  an  item, 

NOZZLE  —  A  duct  of  varying  cross-section,  used  in  discharging  liquids 

or  gases,  in  which  the  velocity  of  the  fluid  or  gas  is  increased, 

OBSTRUCTION  —  Something  to  block  or  make  difficult  the  passage  or  aisle 
to  the  nearest  exit. 

ORIFICE  —  An  opening  or  mouth  as  of  a  tube. 

OXIDATION  —  The  state  or  result  of  being  oxidized  (to  combine  with 
oxygen  or  with  more  oxyeen), 

PENETRANT  —  To  pass  into  or  through;     to  enter  or  go  through  by 
overcoming  resistance.    Discover  the  inner  contents. 
Recognize  the  precise  nature  of  the  metals. 
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PERPENDICULAR  —  Meeting  a  given  line  or  surface  at  right  angles.  Air 
flow  is  at  right  angles  to  the  axis, 

PINION  —  A  gear  with  a  small  number  of  teeth  designed  to  mesh  (mate) 
with  a  larger  gear, 

PNEUMATIC  —  Relating  to  air  or  air  pressure* 

POSITIVE  DISPLACEMENT  —  A  pump  that  will  displace  the  same  amount  of 

liquid  in  any  one  cycle. 

PRESERVATION  —  To  prevent  corrosion  by  placing  a  barrier  between  critical 
metal  surfaces  and  moisture  during  the  time  the  engine  is 
idle, 

PRESSURIZE  ~  To  keep  nearly  normal  air  pressure  inside  of  (an  airplane, 
space  suit)  as  at  high  altitudes.    To  subject  to  high 
pressure, 

PROBE  —  A  small  diameter  sensing  element  extending  into  f^e  air  or  gas 
stream  to  measure  pressure,  temperature,  or  velc   -ty.  To 
examine  or  investigate  thoroughly,  to  search, 

QUADRANT  —  Something  shaped  like  a  quarter  of  a  circle,  as  a  part  of 
machine.    Placed  in  the  cockpit  where  the  throttle  is  they 
are  used  to  control  the  fuel  flow  co  the  engine, 

RACE       A  groove  for  the  balls  in  a  ball  bearing  or  rollers  in  a  roller 
bearing. 

RADIAL  —  Branching  outward  in  all  directions  from  a  common  center, 

RAM  AIR  —  The  pressure  buildup  at  the  engine  inlet,  created  by  the 
forward  motion  of  the  aircraft, 

RELAXED  —  To  rest  or  give  rest  to,  from  work,  worry, 

RESPECTIVE  —  As  relates  to  indivudally  to  each  of  two  or  more.  Noticing 
with  attention.    Regardful  of  particular  persons  or  things, 

RETAINING  —  To  keep  in  one's  mind. 

RIGID  —  Not  bending  or  flexible:  stiff, 

SCAVENGE  —  To  return  all  to  the  tank  from  the  sump.    To  remove  residue. 
To  remove  dirt,  waste,  or  other  impurities  from  a  space 
(sump) , 

SCHEMATIC  —  Pertaining  to  or  of  the  nature  of  a  plan  or  drawing, 

SCORING  —  Deep  scratches  made  during  engine  operation  by  sharp  edges 
or  foreign  particles;  elongated  gouges, 
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SCRIBE  —  To  mark  by  cutting  or  scratching  a  line  with  a  pointed 
instrument. 

SEAL  —  A  tight  or  perfect  closure  as  against  the  passage  of  air.  To 
close  completely  as  to  make  airtight* 

SEGMENT  —  Any  of  the  parts  which  something  is  separated.    To  divine 
into  parts. 

SELF  SUSTAINING  RPM  —  Is  the  RPM  the  compressor  must  attain  before  it 

can  supply  the  volume  of  compressor  air  needed 
to  support  the  combustion  required  to  furnish 
the  power  to  turn  the  compressor. 

SERRATIONS  —  The  condition  of  being  serrated.  A  single  tooth  or  notch 
in  a  serrate  edge  (having  sawlike  notches  along  the  edge) 
A  formation  resembling  the  toothed  edge  of  a  saw. 

SHUTTLE  —  To  move  rapidly  back  and  forth* 

SHEARED  —  Dividing  a  body  by  cutting  action,  division  of  a  body  so  as 
to  cause  the  parts  to  slide  relative  to  each  other  in  a 
direction  parallel  to  their  plane  of  contact. 

SHEARED  ~  To  break  under  a  twist  stress. 

SIGNIFICANT  —  Having  or  expressing  a  meaning;  full  of  meaning,  important 
fact. 

SKIDDING  —  Sliding  without  rotating.    Failing  to  grip  the  roadway. 

SLING  —  A  looped  or  hanging  band,  strap  used  in  raising  or  lowering  a 
hea/y  object. 

SLUDGE  —  Any  heavy,  slimy  deposit,  as  the  waste  resulting  from  oil 
refining,  the  sediment  in  a  crankcase.    A  muddy  deposit. 

SMEARED  ~  To  cover  or  soil  with  something  greasy,  sticky. 

SNAP  —  A  catch  or  fastening  that  closes  or  locks  with  a  click  (as  one 
provided  with  a  spring  or  with  parts  that  fit  tightly  into  each 
other.) 

SPHERICAL  —  Slipped  like  a  globe.    Having  the  form  of  a  sphere  (an  ideal 
globe)  or  one  of  its  segments. 

SPLINES  —  A  flat,  rectangular  piece  cut  or  key  fitted  into  a  groove. 

STARVATION  —  To  die  from  lack  of  food.    To  freeze  up  from  the  lack  of 
oil. 

STRESS  —  When  used  in  describing  the  cause  of  failure  of  machine  parts. 
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STRETCH  —  To  reach  out*  To  extend  over  a  given  space,  distance,  or 
tiae. 

SUMP  —  A  low  place  where  fluid  (oil)  will  collect. 
SWIRL  —  To  move  with  a  whirling  motion. 

SWIRL  CUP  —  A  device  that  is  built  into  a  dome  of  a  combustion  chamber 
to  move  the  air  with  whirling  motion  as  it  mixes  with  the 
fuel  from  the  nozzles. 

SYNTHETIC  —  Not  real  or  genuine,  artificial,  manmade.    Produced  by 

artificial  process.  Something  produced  by  putting  together 
elements  so  as  to  form  a  whole. 

TAPPED  —  To  make  a  hole  for  drawing  off  liquid.    Make  or  open  holes. 

TERMED  —  Limited  ended.    Such  as  a  limited  or  definite  extent  of  time. 

THERMOCOUPLE  —  A  temperature  sensing  device.    A  device  for  measuring 
temperature  in  which  two  electrical  conductors  of 
dissimilar  (not  alike)  metals  are  joined  at  the  point 
where  heat  is  to  be  applied  and  the  free  ends  are 
connected  to  an  electrical  measuring  instrument  (as  an 
ammeter). 

TIE  ROD  BOLTS  —  A  bolt  used  as  a  connecting  member  of  a  compressor  (as 
in  a  J57  engine)  along  a  bolt  ties  all  rotating 
members  (disc)  of  the  front  compressor. 

TORQUE  —  A  force  that  will  produce  rotation. 

TOXIC  —  Poisonous  or  injurious  to  respiratory  organs. 

TRANSDUCER  —  A  device  that  transmits  energy  from  one  system  to  another. 

VENTILATED  —  To  circulate  fresh  air  in  a  room.    To  let  air  or  gas  to 
escape  overboard  from  the  aircraft. 

WARP  AGE  —  A  distortion  to  become  bent  or  twisted  out  of  shape.  The 
action,  process,  or  the  result  of  bending  or  twisting  out 
of  shape. 

WELD  —  To  unite  (pieces  of  metal)  by  heating  until  molten  and  fused  or 
until  soft  enough  to  hammer  or  press  together. 
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VALIDATION 


This  programmed  text  is  designed  for  students  in  the  C3ABR42632, 
J«t  Engine  Mechanic  Course.    Tryout  of  the  learning  format  and  techni- 
cal information  was  conducted  using  students  with  no  prior  exposure 
to  the  subject  material.    More  than  90  percent  of  the  34  students  used 
to  validate  the  material  surpassed  the  criteria  specified  in  the 
objectives  approved  by  Air  Training  Command.    The  average  time  required 
to  complete  this  programmed  text  was  2  hours. 

OBJECTIVES 

Upon  completion  of  this  programmed  text,  you  will  be  able  to: 

1.  State  the  factors  to  consider  in  the  selection  of  handtools 
for  a  job. 

2.  State  the  procedures  for  proper  use  and  care  of  handtools. 

INTRODUCTION 

This  text  discusses  the  selection,  care,  and  use  of  common  handtools 
that  will  be  used  daily  during  your  training  as  a  jet  engine  mechanic. 

As  you  progress  through  this  programmed  text,  you  will  understand 
the  Importance  of  choosing  and  using  the  correct  tools  to  do  a  job 
correctly v 

INSTRUCTIONS 

This  program  is  presented  in  steps  called  "frames."    As  a  part  of 
each  step  you  are  asked  to  respond  by  selecting  the  correct  answer  from 
multiple  answers,  choose  either  TRUE  or  FALSE,  or  match  descriptions  to 
nomenclatures.    These  answers  which  you  are  required  to  furnish  were 
taught  in  that  or  previous  frames  of  this  text. 

To  use  this  text,  use  a  piece  of  paper  or  a  card  as  a  mask  to  cover 
the  printed  material.    Slide  this  mask  down  the  page  until  the  top  of  a 
row  of  slashes  (//////////)  is  exposed.    One  step  or  frame  is  now  exposed. 
Read  the  material  presented  and  make  your  response  or  selection  by 
selecting  the  letter,  or  choosing  TRUE  or  FALSE  for  the  questions  asked. 
Then  slide  the  mask  down  and  compare  your  answer  with  the  correct  one 
found  just  below  the  slashes.    If  your  answer  is  correct,  go  on  to  the 
next  frame;  if  you  are  wrong,  read  the  frame  again  and  see  how  the 
correct  response  was  derived. 
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w  FRAME  1.    SAFETY  PRECAUTIONS,  USE,  AND  CARE  OF  HANDTOOLS 

Proper  care  and  use  of  handtools  go  hand  in  hand  with  safety.  Improper 
care  and  use  of  tools  are  violations  of  safety  precautions  and  may  lead  to 
••rious  harm  to  yourself  or  a  fellow  airman.    They  may  even  cause  the  loss 
of  an  aircraft  and  crew.    The  following  list  of  statements  pertains  to  proper 
care,  use,  and  safety  precautions  concerning  your  handtools. 

a.  Do  not  carry  tools  in  your  pocket. 

b.  Keep  all  tools  clean,  free  of  rust,  corrosion,  grease, 
and  other  foreign  matter. 

c.  Check  tools  for  defects  prior  to  use. 

d.  Turn  in  defective  tools  for  new  ones. 

e.  Oil  the  moving  parts  of  tools.    Use  oil  SAE  No.  10. 

f.  Inventory  your  tools  before  and  after  each  job  to  prevent 
foreign  object  damage.  v 

g.  Use  solvent  for  cleaning  tools.     Never  use  gasoline  or  JP-4. 

h.  Always  use  the  right  tool  for  the  job. 

i.  Use  an  authorized  tool  storage  area  for  storing  your  toolbox, 
j.  Your  toolbox  will  be  locked  when  it  is  to  be  left  unattended. 

^  k.  Do  not  horseplay  with  tools. 

1.  Do  not  use  the  toolbox  to  store  special  tools. 

m.  Mechanics  are  financially  responsible  for  their  tools. 


Mark  the  following  statements  as  either  true  (T)  or  false  (P)  in  the  space 
provided. 

l'    Hhen  removing  grease  or  oil  from  handtools,  it  is  permissible 

to  use  unleaded  gasoline. 

2. 


3. 


  Tools  should  be  inventoried  only  before  the  Job  is  started. 

  Financial  responsibility  for  handtools  rests  with  the  individual. 

I  I  I  I  I  I  i  I  I  I  I  I  I  I  I  I  I  I  I  I 

1.  False.    Gasoline  will  not  be  used  for  any  type  of  cleaning. 

2.  False.    You  should  inventory  your  tools  before  and  after  each  job. 

3.  True.    Financial  responsibility  rest,  with  the  individual . 
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F1AME  2.  WRENCHES 

Wrenches  ere  tools  used  for  tightening  or  removing  nuts  or  bolts.  They 
at*  generally  classified  as  socket  sets,  adjustable  or  nonadjus table  wrenches. 

Use  and  Care  of  Wrenches 

a.  Never  use  a  wrench  that  does  not  fit  rhe  nut  or  bolt  exactly.  Use 
only  the  correct  size  wrench. 

b.  Use  adjustable  jaw  wrenches  so  the  pulling  force  is  on  the 
stationary  jaw. 

c.  Always  pull  on  a  wrench  —  don't  push.    The  nut  or  ^o\t  may  break 
loose  unexpectedly . 

d*      Do  not  use  a  pipe  on  the  handle  of  a  wrench.    Use  a  wrench  with  a 
longer  handle. 

a.      Use  solvent  to  clean  wrenches. 

f.      Use  oil  (SAE  10)  to  lubricate  the  moving  parts  of  wrenches  and 
other  hand tools. 

Mark  the  following  statements  as  either  true  (T)  or  false  (F)  in  the  space 
provided. 

1«    Use  pulling  force  when  using  a  wrench. 

2.    A  wrench  should  fit  a  nut  or  bolt  exactly. 

3.    It  is  permissible  to  use  JP-4  to  clean  wrenches. 

1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 

1.  True.    Pulling  on  a  wrench  gives  you  better  control. 

2.  True.    There  is  a  wrench  made  for  each  type  of  nut  or  bolt. 

3.  Falae.    Read  Frame  1,  paragraph  g. 
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FSAHE  3.    SOCKET  (WRENCH)  SET 


NUT  Ot 
IOLT  CND 


QQOOOO 


DttVC  CND 


DIIVC  (f €maL€) 


Socket  sets,  because  of  their  versatility*  and -speed,  are  considered  the 
aechanics1  first  choice  of  wrenches.    They  consist  ox  various  types  of  sockets, 
handles,  and  attachments  which  can  provide  the  ideal  wrench  combination  for 
almost  any  maintenance  job.    Socket  sets  are  identified  by  the  size  of  their 
(square)  drives.    Some  common  socket  set  sizes  are  the  1/4  size,  3/8  size,  and 
1/2  inch. 

*De fined  as  variable,  adaptable,  reversible,  and  ease  of  turning. 


SOCKET 


CONTACT  AREA 


•OLT 


SHALLOW  SOCKETS 


Sockets  are  made  to  fit  the  nut  or  bolt  on  all  corners  and  are 
provided  in  all  needed  sizes.     The  size  is  stamped  on  the  side  of  the  socket 
and  indicates  the  wrench  size  of  the  nut  or  bolt  which  it  will  fit.  There 
are  three  types  of  sockets:     shallow,  deep  well,  and  universal.  Shallow 
sockets  (shown  above)  are  used  for  most  normal  work.     Individual  sockets  are 
sized  according  to  the  size  of  the  drive  and  the  size  of  the  nut  or  bolt  end, 

Mark  the  following  statements  as  either  true  (T)  or  false  (F)  in  the  space 
provided. 


1. 


One  reason  that  mechanics  select  the  socket  set  as  their 


first  choice  of  wrenches  is  because  of  their  versatility. 


2. 
3. 


Individual  sockets  are  sized  by  the  size  of  the  drive. 

The  size  stamped  on  the  socket  identifies  the  size  of  the  drive. 


I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I 

1.  True.    The  many  types  of  handles  and  sockets  make  them  ideal  for 
mechanic's  use. 

2.  False. 

3.  False.    The  size  stamped  on  the  socket  is  the  size  of  the  socket. 
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FRAME  4.    SOCKET  (WRENCH)  SET  continued 


■  [  ■ 


In  iom  installations,  the  threaded  part  of  a  bolt  or  stud  nay  extend 
J™  *•  nut  to        «*"t  that  a  shallow  socket  will  not  reach  the  nut. 
This  is  a  Job  for  the  deep  well  socket.    It  is  used  where  socket  depth 
Is  needed.    In  some  cases,  it  i.  possible  to  svoid  the  use  of  an  extention 
by  using  s  deep  well  socket. 


The  universal  socket  is  used  in  sreae  where  there  is  not  a  straight  approach 
to  a  nut  or  bolt.    The  universal  part  of  thia  socket  permits  it  to  be  used 
st  an  angle. 

Mark  the  following  two  statements  as  either  true  (T)  or  false  (F)  in  the  space 
provided. 


1. 


A  deep  well  socket  is  used  where  spsce  Is  needed  above  a  nut 


to  clear  the  threaded  portion  of  a  bolt 


Where  there  Is  an  angular  approach  to  a  nut,  It  may  be  removed 


2.   

by  using  a  universal  socket. 
Circle  the  letter  of  the  correct  answer. 

3.  The  size  of  a  socket  set  is  determined  by  the 
a.     socket  size. 

size  of  the  drive, 
deep  well  of  the  socket, 
size  stamped  on  the  socket. 

1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 


b. 
c. 
d. 


ERIC 


1.  True,  A  deep  well  socket  would  be  used  in  order  to  provide  a  clearance 
above  the  top  of  the  nut. 


2.     True.    A  universal  socket  can  be  used  at  an  angle. 

3*     b.    size  of  the  drive. 

FRAME  5.    SOCKET  (WRENCH)  S2T  continued 

Handles.    Since  sockets  are  detachable,  a  variety  of  handles  may  be  used  for 
different  kinds  of  work.    These  add  to  the  versatility  of  the  socket  set. 
The  four  types  of  handles  used  with  the  socket  set  are  ratchet,  "T"  speed, 
and  hinge  handles. 


IEVER 


7\ 


SQUARE  DRIVE 


»•      The  ratchet  handle  ratchets  (slips)  in  one  direction  when  loosening 
a  nut  or  bolt  and  in  the  other  direction  when  tightening  a  nut  or  bolt.  There 
is  a  lever  on  the  ratchet  head  that  is  used  to  change  the  direction  of  the 
ratchet  action.    The  ratchet  is  useful  where  the  swing  arc  is  restricted.  This 
handle  should  not  be  used  for  high  torque,  such  as  breaking  loose  a  tight 
nut  or  bolt. 


5 


DRIVE 


b.      The  hinge  handle  is  used  to  break  loose  nuts  or  bolts.    To  loosen 
*  tight  nut  or  bolt,  the  handle  can  be  used  at  a  right  angle  to  the  socket 
to  give  the  greatest  usable  leverage.    Then,  if  the  fastener  is  sufficiently 
loosened,  the  handle  can  be  hinged  to  the  vertical  position  where  it  may  be 
turned  w?-h  the  fingers. 


c.     The    TM  handle  is  another  of  the  various  handles  used  for  driving 
sockets.    The  MTM  shape  makes  It- possible  to  apply  equal  force  with  both 
hands  became  vhe  drive  is  in  the  center.    The  drive  may  be  moved  to  one 
end  of  the  bar  for  more  leverage. 


d.     The  speed  handle  is  a  rapid  means  of  turning  a  socket.    It  Is  usually 
used  where  there  are  many  nuts  or  bolts  and  the  swing  arc  is  not  restricted. 

Match  the  items  in  column  B  to  the  statements  in  column  A. 


Column  A 

  Used  when  fast  removal  or 

Installation  of  nuts  or  bolts  is  required 
tnd  the  swing  arc  is  not  restricted. 

2#       ,     Used  to  break  loose  a  tight  nut 
or  bolt* 

3-        -    To  tighten  or  loosen  a  nut 
or  bolt  without  having  to  remove  or 
position  the  socket,  when  the  swing  arc 
is  restricted. 

  Used  to  apply  equal  force 

with  both  hands  when  the  drive  is 
positioned  in  the  center. 


'  Column  B 

a.  "T"  handle. 

b.  Ratchet  handle. 

c.  Speed  handle. 

d.  Hinge  handle. 


Mark  the  following  statements  as  either  true  (T)  or  false  (F)  in  the  space 
provided. 

5-    1016  h^ge  handle  can  be  used  at  a  right  angle  to  the  socket  for 

a  straight  pull  for  greatest  leverage. 

6-  -1—.  Nut8  or  bolts  should  be  broken  loose  with  a  hinge  handle. 

I  I  I  I  I  I  I  I  I  I  I  I  If  I  I  I  I  I  I 
lm      c       2-      d       3-     b       *•     a       5.      true  6.  true 
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nUK  6.    SOCKET  (WRENCH)  SET  continued 

Attachment,  are  used  to  change  the  drive  site,  angle,  or  length. 


(fca 

(&  U 


ft 


3e 


*;  •xten8lon  18  ****  to  extend  a  socket  Into  hard-to-reach  places 

Extensions  are  provided  In  many  different  lengths.  P 


H  men 
mau  Oftrvi 


INCH 
rlMMt  0«IV| 


AOAPTII 


DOW 
Can  Be  Adspted 
To  Drive 
Sockets  In 
This  Drive  Site 

Originating 
Drive 
Size 

UP 

Can  Be  Adapted 
To  Drive 
Sockets  in 
This  Drive  Size 

1/4 
3/8 
1/2 

1/A 
3/8 
1/2 
3/4 

3/8 
1/2 
3/4 
1 

wh.n  ^  universal  1oint  Is  used  to  change  the  angle  of  a  drive 

-  ■  -  «  «>olt.    It  may  be  used 

prorvlae5.fOll0Wln8  StatementS  M  Clth«  true  «  «  ^Ise  (F)  In  the-space 

1.  _    An  extension  is  used  to  change  the  angle  of  the  drive. 

2.    An  adapter  is  used  to  change  a  1/2"  drive  to  a  3/8"  drive. 


I  I  I  I  I  I  I  I  I  H  I  1  I  I  I  I  I  I  I 
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1.     False.       An  extension  lengthens  the  drive. 

2»  True.  Adapters  permit  the  use  of  handles  on  more  than  one  set 
of  socket*. 

3.  True.  Attachments  alter  the  drive  for  sore  handle  versatility. 
FRAME  7.    REVIEW  FOR  SOCKET  (WRENCH)  SET 


Match  the  iteas  illustrated  above  with  the  statements  listed  below. 

1.    'Changes  drive  angle. 

2.    A  handle  that  provides  speed  for  tightening  many  nuts  or  bolts. 

3.    A  handle  ustsd  to  tighten  or  loosen  nuts  or  bolts  in  a  restricted  area. 

4.    A  shallow  socket,  used  for  swst  normal  Mnut  and  bolt"  jobs. 


10 
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  A  *a*dU  u**d  to  apply  force  with  both  hands  when  the  drive  is  in 

the  canter, 

*•  A  handle  used  to  break  loose  nuts  or  bolts  • 

— .  toed  to  «xt«d  sockets  into  hard-to-reach  places* 

Ltue.  £lrt  *•  ST*-  PT  °f  *  b0lt  eXtends  •  considerable 

arteaeion.  7  b*  uaed         t0  eliminate  the  use  of  a  short 

  0««d  to  change  the  else  of  the  drive. 

//////////////////// 
J]     I  -    2'      D       3'      A       *•      F       5.      B       6.      C       7.      E       8.  6 
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TIANE  8.    BQ2  £NZ>  WESNCH2S 


J3»»  —■■ 


Box  end  vrenchca  a.-- 
Ih*y  are  gi"c/.  «nc  - 
bolt  head.  .  . 

and  to  "brc~.. 
box  end  i  3 
each  tir.d  J  : 
aa  shewn  cb-.' 
clearance . 

Circle  cli  1  " 
wrenches  •  ^ 


b.  ' 

2.  7h5  I.-' 
a .  iA  % 
b. 


i.-Xos1  second  choice  of  wrenches. 
:  thxiy  box  (surround)  the  nut  or 
^.i  -'hora  there  are  close  quarters, 
7^:3  cain  disadvantage  of  the 

.  ;  bolt  and  repositioned 
:  5ft#d  w ranches  are  offset  15#, 
0  is  to  provide  hand  and  wrench 


/ics1  second  choice  of 


-it  .t  handle. 
VjS  handle* 


■.  c:  bolt. 


//'////// 
b 
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FRAME  9.    OPEN  END  WRENCH £S 


"ft* 


Open  end  wrenches  ar-             str.-.n-    snd  convenient  to  use.    Each  wrench 
normally  has  rwo  differs  wrc-:. 3l/^r  or.?  on  each  end  of  the  handle. 
The  jaws  of  open  end  vrtudH*         rot  at  a  15°  angle  so  that  In  restricted 
awing  space,  the  wrench  oay  be  "  ::c*.ri>,:«  over  each  time  for  a  new  ario 
on  the  nut  or  bolt.    CtM'  ~   *  - 


way  spread  under  heavy  torque. 


Because  of  the  open  *>n£*  :h*j  • 
nuts  which  secure  hose  as 1/ 

Mark  the  following  strterr ■ - 
provided. 

1*    Ope.i  cnci  wrerches  #1:5 

and  tubing. 

2.    Th3  1^5  :  >  t.  ■ 

and  a  new  cr' -  :  .  n 

3.  Ope.i  t.ni  vrsnc*1  .*r  *x 

/  / 


1.  True. 

2.  True, 


1  .  \.-:ed  to  loosen  or  tighten 
.v.  ,*s  illustrated  above. 

r-r  f*lse  (F)  in  the  space 

.  »r-  :-u«-?  •  hid;  secure  hose  asset* lies 

o    *v  wrench  can  be  flopped  over 

*  •  per  handle . 

.    1      I  I  I  I  I  I  I 

*i  -   \.*.  aoc  fit  over  these  nuts. 
*  '       •  .  could  not  fit  the  flats 


3.  False, 


*     irr.i ---i^red  with  two  sizes 


1  ) 


er|c 
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TUm  10  •    ADJUSTABLE  JAM  WIENCH 


°P«°  «t»d  wrench  is  soaeti^s  m,„i^  •  , 
"liable.    a„  ^t+^ZlJ*^£*  the  correct  not 

job..    The    ize  o   i"dSu    "  °*  used  a,  «  lMt  resort  for 
*.  handle       is  deter^oT^^  - 


^d^Lr^r^°tf0folthe  V  nUtS  and  b0lts  — result 

>.ing  applied  to  the  sta       ary^soHdT  aT™  th  the 

•Iwaya  point  in  the  direction^  rotation  adjustable  Jaw  should 

the  following  statements  as  either  true  ,*  or  false  (F)  in  ^  ^ 

I-    —         adjustable  jaw  wrench  would  be  used  as  a  last  resort. 
2.    _    Force  is  applied  to  the  stationary  jaw. 

of  thT7aw.T!,e  8126  °f  the  adJ«s^ble  jaw  wrench  is  determined  by  the  width 


1  1  1  I  I  I  I  I  I  I  I  I  I  I  I  ,  ,  ,  ,  , 


14 


9 
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1.  True*        Because  mis  use  Is  euy  and  accidents  can  occur  from  adauee. 

2.  True.        Th*  adjustable  jaw  will  point.  In  the  direction  of  rotation* 

3.  Falae.       The  aire  ia  determined  by  the  overall  length  and  is  a  tapped 

on  the  handle. 

FRAME  11 


The  wrench  pictured  above  is  commonly  called  an  "Allen  wrench, 
hex  head,  or  internal  wreuching  wrench. 


These  wrenches  are  six-sided  ltL"  shaped  keys  used  in  internal  wrenching 
bolta  and  set  screws. 

Circle  the  letter/letters  of  the  correct  answer. 
1*     The  alien  wrench  is  also  called 
a*      key  set, 

b.  hex  head. 

c.  internal  wrenching  wrench. 

d.  all  of  the  above. 


9 
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J  S3 


Alien  wrenches  ere  used  to  Install  and  move*    (TVo  response*.) 

a.  set  screws,  * 

b.  toman  screws. 

c.  hex  heed  bolts. 

J.     Internal  wrenching  bolts* 

I  I  t  I  I  I  t  I  I  I  I  I  I  I  I  I  I  I  I 
1.     both  b  and  c  2.     e,  d 
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FRAME  12.    REVIEW  FOR  WRENCHES 

Match  the  items  illustrated  below  with  the  following  statenents. 
  One  detachable  part  of  a  socket  set. 

J*   ,        >*L"  »haped  wrench  that  is  used  in  tightening  or  loosening 

internal  wrenching  bolts  or  set  screws. 

3.  A  nonadj us  table  wrench  that  fits  the  nut  on  all  corners  and 

is  offset  15    to  allow  wrench  and  hand  clearance. 

t'  Aw5fn?  that  18  U8ed  88  a  la8t  "sort  and  the  size  is  determined 

by  the  overall  length  of  the  wrench. 

**    A  nonadj  us  tab  le  wrench  that  is  used  to  tighten  or  loosen  nuts  on 

nose  assemblies  and  tubing. 


6. 


Illustrates  the  correct  use  of  an  adjustable  jaw  wrench. 


3= 


B 


I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I 

2.      A       3.      B        4.      D       5.  C 


6. 


9 
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FRAME  13*  SCREWDRIVERS 


Screwdrivers  are  used  to  drive  (turn)  slotted  head  or  cross  head  screws 
in  threaded  holes.    A  screwdriver  consists  of  three  parts:    handle,  shank, 
and  blade  or  tip*    The  blade  must  fill  the  slot  of  the  screw,  both  in  width 
and  depth,  and  should  also  fill  most  of  the  length  of  the  slot 


Use  txxd  Care  of  Screwdrivers 

a.  Never  use  a  screwdriver  as  a  chisel. 

b.  Do  not  use  a  screwdriver  as  a  pry  bar. 

c.  Use  Reed  and  Prince  screwdrivers  in  Reed  and  Prin^<=  screws. 

d.  Use  Phillips  screwdrivers  in  Phillips  screws. 

e.  Clean  and  oil  the  blade  to  prevent  corrosion. 

f.  Clean  the  handle  of  all  grease  or  oil  before  using. 

Mark  the  following  statements  as  either  true  (T)  or  false  (F)  in  the  space 
provided. 

1.    A  screwdriver  consists  of  a  handle,  shank,  and  blade  or  tip. 

2.   The  blade  of  a  screwdriver  should  be  1/2  the  width  of  the  slot. 


I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I 

1.  True.         See  picture  above. 

2.  False.  To  prevent  damage  to  the  screwdriver  blade  or  screw  slot,  the 
screwdriver  tip  should  fill  the  slot. 
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FRAME  14.    SCREWDRIVERS  continued. 


i8nchee8°.f  *  8Cr6Wdriver  ia  determined  by  the  length  of  the  shank  and  blade 


9 


ZStSTJ  ^crewdrlvera  have  flat  blade,  and  are  used  to  drive 

'"T'V  Wh*n  Mlactin«  *  comon  screwdriver  for  a  job,  you 
•hould  use  ona  that  has  the  proper  sit.  of  bl.de.  7 

^Ath.  following  st.te.ant.  as  .ith.r  true  (T)  or  false  (F)  in  the  space 
the  bUda^r  t£?  °f  *  CO"DOn  •Crewdriver  U  d'teralned  by  the  width  of 


2. 


  The  comon  .crewdriver  i.  u«ed  to  drive  slotted  head  screws 


bl.d.  in  the  .crew  slot.    Place  th.  letter  in  the  space  provided. 


1.  Fal... 


2. 
3. 


True. 
B. 


/  /  /  /  III  I  I  I  I  I  I  I  I  I  I  I  ,,,  I 

handle"  "••»ur«d  *«»  the  tip  to  the  bottom  of  the 

Sw  picture  above. 
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FRAME  15.    SCREWDRIVERS  continued 


rptMTtoTir 


NO  KADIUS 
ON  IMTttlOt 
ANOICS 


•  10NT  TIP 


WtOI  tAOlUS 
ON  INTftlOt 
AH  O  L t S 


A.  tttO  *  MlNCt  TYPt 


i.  PMIUIP3  TYPE 


TWo  types  of  cross  point  screwdrivers  in  use  by  the  Air  Force  ere  the  Reed  And 
Prince  (picture  A  above)  end  the  Phillips  (picture  B  shove).    The  correct 
screwdriver  oust  be  used  to  avoid  damage  to  the  screw  head  and  screwdriver. 


Phillips  screwdrivers  have  blunt  tips  .and  are  used  in  cross  slot  screws 
that  have  rounded  corners.    See  picture  above. 


lead  and  Prince  screwdrivers  have  pointed  tips  and  are  used  in  cross  slot 
screws  that  have  square  corners.    See  picture  above. 

Mark  the  following  statements  as  either  true  (T)  or  false  (F)  in  the  space 
provided. 


1. 


A  Phillips  screwdriver  has  a  pointed  tip- 


2.    Reed  and  Prince  screwdrivers  are  used  in  screw  slots  that  have 

square  corners. 

1 1 1 1 1 1 1 1. 1 1 1 1 1 1 1 1 1 1 1 1 
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1.  False.       See  picture  on  preceding  page. 

2.  True.  See  picture  on  preceding  page. 
FRAME  16.    SCREWDRIVERS  continued 


•lAO(S 


Offset  screwdrivers  may  have  either  standard  or  cross  point  blades. 
They  are  used  when  working  in  spaces  where  there  is  not  enough  room 
to  use  a  regular  screwdriver.    Blades  of  offset  screwdrivers  are 
90'  from  the  shank  and  handle. 


Lab.l  the  screwdrivers  below  with  their  proper 


proper  name, 


1. 


I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I 
21 
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Coflnoo  or  standard  offset. 
Cross  point  offset. 
WAKE  17.     REVIEW  FOR  SCREWDRIVERS 
rite  the  naae  of  the  three  kinds  of  screwdrivers  in  the  spaces  provided. 


4.      Write  the  naae  of  each  part  of  the  screwdriver  in  the  picture  below. 
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Study  the  drawing  below  and  place  die  letters  of  the  two  cross  point 
screwdrivers  which  are  being  used  correctly  In  the  space  provided. 


FRAME  18*  IK  VIEW  SOtEVMITOS  contlnuad 

Match  tho  screws  illustrated  on  ths  loft  with  the  letter  of  the  comet 
screwdriver  on  the  rljht. 


CO 


7. 


I. 


I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I 


Phillips  crosspoint. 

Reed  and  Prince  crosspoint. 

Standard  offset. 

a.      shank        b.     handle  c« 

B. 

C 

A. 

C. 


blade  or  tip. 


If  you  have  answered  all  the  question*  on  this  section  of  the  prograaa»4 
text  correctly,  go  on  to  die  next  fraaa.    talse  your  hand  if  additional 
information  or  clarification  is  needed. 
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FRAME  19.  HAMMERS 

A  banner  Is  a  tool  consisting  of  a  head  and  a  handle.    The  good  mechanic 
learns  to  select  the  correct  hammer  for  the  particular  work  at  hand.  Hammers 
are  generally  classified  as  "hard  face"  or  "soft  face"  hammers.    Each  banner 
baa  its  own  special  use.    Hard  face  hammers  are  made  of  steel.    Soft  face 
banners  have  a  face  made  of  lead,  plastic,  leather,  or  rubber. 

Use  and  Care  of  Hammers 

a.  Do  not  use  a  hammer  or  mallet  with  a  loose  head. 

b.  Replace  worn  handles. 

c.  Do  not  use  the  handle  as  a  pry  bar. 

d.  Use  linseed  oil  to  clean  wood  handles. 

e.  Use  a  solvent  to  clean  the  heads  of  steel  hammers.    (Prevents  rust.) 


The  ball  peen  hammer  is  the  type  most  used  by  aircraft  mechanics.     It  has  a 
flat  surface  (B)  on  one  end  called  the  face  and  a  round  surface  on  the 
other  end  called  the  ball  (A)  .    Remercber  to  grip  the  end  of  the  handle  and 
strike  with  the  center  of  the  face,  as  shown  in  (C)  .•    Hammers  are  used  in 
areas  where  dents  in  the  metal  are  not  important  and  to  provide  the  driving 
force  for  chisels  and  punches.    They  are  sized  according  to  the  weight 
of  the  head  and  range  from  four  ounces  to  20  pounds  in  size. 


A  mallet  usually  has  a  replaceable  soft  face  or  tip  made  of  leadf  leather, 
rubber  or  plastic.    Mallets  are  used  where  the  finished  product  must  be 
smooth  (no  nicks  or  dents  in  the  metal).    The  size  of  a  mallet  is  determined 
by  the  diameter  of  the  face. 
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FRAME  20.    HAMMERS  continued 


B 


Match  the  h«aners  shown  above  to. the  nomenclatures  below. 

1.    Baser,  hand,  machinist,  ball  peen. 

2.    Earner,  hand,  screw-in  replaceable  plastic  face.  * 

S^ace  p^Saed?110"108  "  ttt>  <T>  or  ™ 

l^'         tte  Si2e  of  the  bal1  P«eQ  ha»»«  i«  determined  by  the  weight  of  the 

JiasHcTor^ribe'r!  ^  *"  ^  °f  ™t"1*1  «uch  «  ^her,  lead, 
I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I 

1.  B 

2.  A 

3.  True. 

*.      False.       Hard  face  hammers  are  made  of  steel. 
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FRAME  21.  PLIERS 

Filers  art  available  in  various  types  and  sizes.    They  are  primarily  an 
extension  to  your  hand  and  are  used  to  hold  material  which  the  hand  is  not 
strong  enough  to  grasp  tightly.    Pliers  cone  in  two  types 9  adjustable  and 
nonadjus table.    They  are  not  used  as  a  replacement  for  wrenches.  The 
adjustable  pliers  include  slip  joint  pliers  and  vise  grips,    Nonad  jus  table 
pliers  include  chain  long  nose9  flatnose,  and  diagonal  side  cutters. 

Use  and  Care  of  Pliers 

a.  Do  not  use  pliers  to  loosen  nuts  or  bolts.    Use  only  proper 
site  wrenches, 

b.  Do  not  use  plier  handles  as  a  pr>  ar, 

c.  Cover  or  hold  the  ends  of  safety  wire  or  cotter  pins  when  cutting, 

d.  Clean  and  oil  pliers  frequently, 

Mark  the  following  statements  either  true  (T)  or  false  (F)  in  the  space 
provided, 

1,  If  a  wrench  is  not  available,  it  is  permissible  to  use  pliers, 

2,  An  accident  can  be  avoided  by  covering  or  holding  the  ends  of  cotter 
pins  or  safety  wire  when  cutting  them, 

3,    Pliers  are  divided  into  two  general  types, 

I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I 
1*     False,       Pliers  will  round  off  the  corners  on  nuts  and  bolts, 

2,  True.        The  ends  might  hit  someone  in  the  eye  when  cut  or  cause 

"foreign  object  damage," 

3,  True,        They  are  divided  into  adjustable  and  nonadjustable  jaws. 
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FRAME  22.   ADJUSTABLE  PLIERS 


The  most  comnonly  used  pliers  are  the  slip  joint  pliers,  usually  called 
"coonon  pliers'1.  They  are  used  as  a  general  purpose  holding  tool*  and 
for  bending  pieces  of  metal  or  wire. 


Water  pump  pliers  were  originally  designed  to  tighten  water  pump  packing 
gland  nuts  on  cars  In  the  1920s.    They  are  no  longer  needed  for  that  purpose, 
but  they  are  very  effective  as  a  "large  capacity"  holding  tool. 


Vise  grip  pliers  have  a  locking  device  on  one  jar.    Once  adjusted  and  locked, 
it  is  like  putting  an  object  in  a  small  vise.    This  leaves  your  hands  free 
for  other  work. 

Mark  the  following  statements  as  either  true  (T)  or  false  (F)  In  the  space 
provided. 

!•    Coiaaon  pliers  are  used  for  general  purpose  tasks,  such  as  holding 

and  bending  pieces  of  metal  or  wire. 

2.    Vise  grip  pliers  can  be  used  to  hold  two  pieces  of  sheet  metal 

together  in  preparation  for  drilling. 

3*    Water  pump  pliers  are  used  for  holding  large  objects,  such  as  pipes. 


I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I 
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1.  True. 

2.  True. 

3.  True. 

FRAME  23.  NON-ADJUSTABLE  PLIERS 


Oialn  long  nose  pliers ,  commonly  called  "needle  note  pliers"  have  long  jsri 
that  cone  to  a  point.    They  *>re  used  for  grasping  a  mall  items  In  tight  places 
where  the  fingers  cannot  reach,  and  to  make  delicate  bends  In  thin  pieces  of 
■etal. 


Duck  bill  pliers  have  long,  flat  jaws  and  are  designed  to  be  used  for 
pulling  and  twisting  safety  wire. 


Diagonal  side  cutting  pliers,  commonly  called  "dikes"  have  ja<rs  with  sharp 
edges  and  axe  used  for  cutting  safety  wire  or  removing  cotter  pins. 

Mark  the  following  statements  as  either  true  (T)  or  false  (F)  in  the  space 
provided. 

  Dikes  are  pliers  that  have  sharp  cutting  Jaws  and  are  used  for 

cutting  small  diameter  wire  (safety  wire)  and  for  cutting  and  pulling 
cotter  pins. 

2»    Needle  nose  pilars  have  long,  slender  jaws  and  are  designed  to 

reach  into  tight  places  where  the  fingers  cannot  be  used. 
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\ 


id  pUUin^tTw^:"         l0B«         J~'  "d  *<>r  «.ttag  ^ 

I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  ,  I  , 


1.  Tru«. 

2.  True. 
3*  True. 
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FRAME  24,  PUNCHES  AND  CHISELS 

Chisels  and  pinches  are  made  in  a  variety  of  shapes  to  suit  many  different 
types  of  work.    They  are  made  from  tempered  ateel  and  require  care  id 
precautions  like  other  tools. 

Use  and  Care  of  Punches  and  Chisels, 

*•      Do  not  use  a  dull  chisel, 

b.      Use  the  correct  punch  when  doing  a  job, 

<:•      During  sharpening,  use  safety  apparel  (face  shield  or  goggles), 
d.      Use  solvent  for  cleaning  all  topis,  including  punches  and  chisels 
«.     Never  use  a  chisel  or  punch  that  has  a  mushroom  head. 


MUlNlOOM'tO 


'torn? 


•l/f  IA0IU5 


The  he«d  on  the  left  is  badly  mushroomed.    The  one  in  the  center  is  slightly 

ITthTSght.     8hould  be  d.re88ed  until  **> are  in  *e  COndition 

Mark^the  following  statements  as  either  true  (T)  or  false  (F)  in  the  space 

1.    It  is  proper  to  use  a  dull  chisel  to  remove  a  nut. 

2.    When  sharpening  a  chisel,  use  a  face  shield  or  goggles. 

3.    Mushroom  headed  chisels  or  punches  should  not  be  used. 

I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  , 


1.  False. 

2.  True. 

3.  True. 


A  dull  chisel  will  cause  chipa  to  fly  and  possibly  injure 
someone,  J  J 

When  you  sharpen  a  chisel,  use  a  face  shield  or  goggles. 

Jhf  £li  °l  ln  thi8  Condltlon  sh°«H  not  be  used  because 

cause"  ore?:8    m  ^  C°  ^  °"  ^d  injure  someone  T 
cause    loreign  object  damage." 
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FRAME  25.   PUNCHES  AND  CHISELS  continued 


TO  CUT  OFF  TMC 
MC AO  OF  A  tlVf T 
FltST  Otlll  HOIC 
THtU  HCAO. 


THIN  CUT  OFF 
WITH  CHISCI 


3  • 


E 


The  size  of  a  cold  chisel  is  identified  by  the  width  of  the  blade.  The 
cold  chisel  derives  its  name  from  the  fact  that  it  can  be  used  to  cut 
"cold  metal".    That  is  without  first  softening  the  metal  by  heating.  They 
are  ideally  suited  for  removing  the  heads  from  rivets  or  cutting  off 
s til) born  bolts.    The  cold  chisel  is  sometimes  called  a  flat  chisel. 


The  pin  punch  has  a  straight  shank  and  is  used  to  finish  the  job  of  driving 
rivets,  bolts,  or  pins  out  of  holes. 


The  drive  or  drift  punch  is  used  to  start  rivets,  bolts,  or  pins  out  of 
holes . 


c 


1 
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Mark  die  following  statements  aa  either  true  (T)  or  false  (P)  in  the  space 
provided. 

  ^  *  cold  chisel  is  identified  by  the  width  of  the  blade. 

2*    tte  Pln  P®*         *  thick  tapered  shank  and  is  used  to  enlarge  holes. 

3-    The  drift  punch  is  used  to  finish  driving  rivets  or  pins  out  of 

holes. 

1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 

U     True-  2-         Mis*.  3.  False 


33 

IS  l 


FRAME  26.    IEVIM  PORCHES  AHD  CHISELS. 

Match  th«  it««  ll*t«d  in  colum  1  win,  a. 

*™  1         ™«  correct  us«  in  Colon  A. 

OOLQHff  A 

COLOMf  B 


OIIVI  OUT  tlVITS, 
•  OITJ  oa  PINS 


1. 


TO  CUT  Off  THI  HIAOS  Of  tlVITS 


2. 


Chlstl 


b*     Pin  punch 


c»      Drive  punch 

1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 

b         2.  , 
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F1AMB  27.   itAIDUK  TOOLS 

The  Air  Force  hit  neny  types  of  sjsaaurlng  tool* .  Inch  type  has  a  specific 
Job.   V*  will  cover  a  few  of  tho  aore  coenon  types  used  by  the  aechaalc. 

Dae  and  Care  of  Measuring  Devicee 

«.     Keep  all  manuring  tools  clean.    Oil  lightly. 

b.     Tun  in  all  tools  that  ara  not  in  good  cooditloo. 


Tho  siaplaat  tool  la  tha  staal  nils.    Steel  rulaa  ara  node  in  various 
lengths,  usually  six  or  twelve  locfass.    Tha  saallsst  graduation  on  a  staal 
ruls  will  ba  64tha  of  an  inch. 


Another  type  of  neasurlng  device  is  the  steel  tape.  They  extend  to  6,  8, 
10  or  12  feet. 


A  thickness  gag*  *•  ussd  to  neaaure  the  clearance  (apace)  between  two  parte 
that  fit  very  closely  together.    Each  leaf  of  the  thickness  gage  la  narked  to 
show  its  thickness  in  thousandths  of  an  inch. 


»,        t  3         4*  $* 
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FRAME  28.    KEVXEV  FOR  MEASURING  TOOLS 


U«inR  the  above  views,  annwer  the  follovlnR  questions  In  the  apace  provided. 

1.    How  May  64thi  io  1/2  inch? 

2.    How  amy  8tha  la  3/4  lacht 

3.    How  many  16th  in  3/8  lacht 

4.    How  aany  32ads  la  1/4  lacht 

If  you  had  to  diack  tha  claaranca  balow,  which  two  leaves  of  the  thickness 
gauge  would  you  uaa? 

5.   .   


I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I 
1.      32  2.      6  3.     6  4.      8  5.      .022  and  .023 
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FRAME  29.   SPECIAL  HANDTOOLS 

Special  tools  are  designed  for  specific  purpose*  and  can  be  checked  out  from 
Che  special  tool  section  of  your  bsee. 


The  spanner  wrench  (external)  is  made  to  fit  round  packing  or  gland  type 
retaining  nuts  with  lugs  or  slots  in  the  outer  surface,  as  shown  above. 


Snap  ring  extractors  are  made  to  slip  into  the  holes  in  the  ends  of  a 
ring  and  expand  it  to  remove  it,  as  shown  above. 
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FRAME  30.    MISCELLANEOUS  HANDTOOLS 

SlSiirOU"  h*ndt°°1"         "  **>  QOt  be  lMU6d  M  •«  the  -echanlc- 


Another  handy  wrench  for  hard-to-reach  places  is  the  "crow's  foot"  tm. 

*  'T1^11^  °?  °n--  "d  «<  *e  handles  used'Lh  s£ket 


NO  RESPONSE  REQUIRED 


38 
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Mark  the  following  statements  as  cither  true  (T)  or  false  (F)  in  the  space 
provided. 

30.  mmmm   Before  and  after  each  job,  the  mechanic  should 
Inventory  hie  tools. 

31.    The  mechanic  is  responsible  for  keeping  his  tools  oiled  and  clean. 

32.    lags  and  excess  parts  should  not  be  stored  in  the  mechanic's 

toolbox* 

33.  Aircraft  mechanics  are  financially  responsible  for  their  tools. 

34.  The  three  groups  of  components  that  sake  up  a  socket  set  are 
attachments,  handles ,  and  sockets. 

35.  The  ten  mushroom  head  applies  to  punches  and  chisels. 

36.    Box  end  wrenches  an  offset  15*  to  prevent  Injury  to  your  hand. 

37.    Th'  tool  used  for  measuring  clearance  is  the  thickness  gauge. 

38-    Thi   mechanic's  first  choice  of  Frenches  would  be  the  socket  set. 

39.    The  hammer  bent  suited  to  drive  a  chisel  would  be  the  ball  peen. 

40.  The  Phillips  screwdriver  ic  used  in  cross  slot  screws  having 
round  corners. 

41.    The  open  end  wrench  is  used  to  remove  nuts  from  tubing  and  hose 

at  serf)  lies. 

*2-    The  adjustable  jm  of  the  adjustable  wrench  should  point  in  the 

direction  of  rotation. 

43-    The  hammer  used  for  shaping  metal,  where  metal  damage  would  be 

critical,  is  the  mallet. 

44.    Duckbill  pliers  are  used  for  twisting  safety  wire. 

44 
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45.  L    The  hinge  handle  is  beet  ueed  for  breaking  loose  tight  nuts  end 
bolts. 

46.    Diagonal  side  cutters  are  used  to  cut  wire  and  remove  cotter  pins. 

47.    Solvent  is  used  to  clean  grease  and  dirt  from  handtools. 

48.    Lost  or  missing  tools  may  cause  foreign  object  damage. 

49.    The  socket  head  setscrev  wrench  is  used  in  internal  wrenching  bolts. 

50.    The  Reed  and  Prince  screwdriver  is  used  in  screws  having  cross  slots 

with  square  corners. 

I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I 

1.  Deep  well  socket. 

2.  Shallow  socket. 

3.  Ratchet  handle. 

4.  Hinge  handle. 

5.  Speed  handle. 

6.  "T"  handle. 

7.  Extension. 

8.  Universal. 

9.  Adapter. 

10.  Box  end  wrench. 

11.  Open  end  wrench. 

12.  Adjustable  jaw  wrench. 

13.  Allen  or  hex  head. 

14.  Phillips  screwdriver. 

15.  Standard  (common)  screwdriver. 

16.  Reed  and  Prince  screwdriver. 

17.  Crosspoint  offset  screwdriver. 

18.  Standard  (common)  offset  screwdriver. 

19.  Channel  lock  pliers. 
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20.  Sllpjoint  (common)  pliers* 

21*  Plat  nose  (duckbill)  pliers. 

22*  Chain  long  nose  (needle  nose)  plier3« 

23*  Diagonal  cutting  pliers  (dikes) . 

24*  Vise  grips* 

25.  Ball  peen  hammer. 

26.  Mallet. 

27.  Six  inch  steel  rule. 

28.  Steel  tape. 

29.  Thickness  gauge. 


Questions  30  through  50  are  all  true. 

If  all  of  your  answers  in  the  last  three  frames  are  correct,  you  have  completed 
the  Programmed  Text  portion  of  this  lesson.  Raise  your  hand  to  let  the  instructor 
knew  you  are  finished. 
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COMMON  HANDTOOLS 

OBJECTIVES 

After  you  have  completed  this  study  guide  and  your  classroom 
instruction,  you  will  be  able  to: 

!•      Select  common  handtools. 

2.      Care  for  common  handtools, 

3*      Use  common  handtools  on  trainers, 

INTRODUCTION 

Technical  Order  32-1-101,  Maintenance  and  Care  of  Handtools,  lists 
many  common  types  of  handtools*    This  study  guide  will  also  list  some  of 
the  more  commonly  used  handtools.    As  a  jet  engine  mechanic,  you  will  have 
handtools  in  your  tool  box  or  otherwise  available  if  you  should  need  them. 

INFORMATION 

FILES  AND  RASPS 

Files  and  rasps  are  used  to  remove  burrs  from  rough  metal,  tubing 
ends,  and  to  smooth  rough  areas  and  edges  on  sheet  metal.    Figure  1 
shows  the  construction  of  files  and  also  shows  examples  of  the  more 
common  types  of  files. 


Figure  1.  Files. 

A  file  should  always  have  an  appropriate  handle.    The  handle  permits 
you  to  use  the  file  with  greater  ease  and  safety. 
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A  file  can  be  cleaned  with  a  file  brush  or  soft  metal  cleaning  pin* 

The  file  is  designed  to  cut  on  the  forward  stroke;  however,  the 
file  should  not  be  forced  down  by  applying  pressure  on  the  point,  figure  2. 


Figure  2.    Use  of  Files. 
HAMMERS,  MALLETS,  MAULS,  AND  SLEDGES 


Hammers,  mallets,  mauls  and  sledges  should  be  kept  clean,  free  of 
grease  and  dirt.    Grease  and  dirt  on  these  tools  create  an  additional 
safety  hazard  for  persons  using  the  tools;  also,  other  persons  in  the 
immediate  area  will  be  subjected  to  increased  danger. 

Different  types  of  hammers  are  shown  in  figure  3.    They  are  quite 
varied  for  use  on  different  jobs  and  materials.    The  rawhide  mallet, 
for  example,  has  a  hard  head  which  will  allow  a  firm  sharp  head  which 
will  allow  a  firm  sharp  blow  to  iretal  and  produce  very  little  surface 
damage  to  the  metal.    The  rounded  ball  portion  of  the  ball-peen  hammer 
can  be  used  for  bending  or  reshaping  metals  or  rivets. 


wooctfN       (xx»u  »a«     ctoss  ntH    suAiom  nin  «v«*u 

MAUIT  SUDGI  SlCOCt  SUOGI  MAUI  I 


Figure  3.    Hammers^  Mallets^  Mauls  and  Sledges. 
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CAUTION:    A  LOOSE  HAMMER  HEAD  SHOULD  BE  TIGHTENED  WITH  A  METAL 
WEDGE;  THE  HAMMER  SHOULD  NOT  BE  USED  IF  THE  HEAD  IS  LOOSE  ON 
THE  HANDLE  OR  IF  THE  HANDLE  IS  CRACKED. 


PLIERS 

Pliers  are  used  as  an  extension  for  the  mechanic's  fingers,  for 
holding,  bending  and  cutting  metals,  and  materials  when  performing 
maintenance  tasks.    Figure  4  shows  examples  of  pliers  the  mechanic 
may  use. 


Diagonal  Cutting 


Duck  Bill 


Long  Nose 


Water  Pump 


Slip  Joint 


Figure  4.  Pliers. 


Diagonal  side  cutting  pliers,  commonly  called  "dikes, 11  are  used  for 
cutting  safety  wire  or  removing  cotter  pins. 

Long  nose  pliers,  commonly  called  "needle-nose  pliers,"  are  used  for 
grasping  small  items  in  tight  places  where  fingers  cannot  reach. 

Slip-joint  pliers,  usually  called  "common  pliers,"  are  used  as  a 
general  purpose  holding  tool  for  bending  pieces  of  metal  or  wire. 


tool. 


Water-pump  pliers  are  very  effective  as  a  large  capacity  holding 


Duck  bill  pliers  are  used  for  pulling  and  twisting  safety  wire. 

CAUTION:    PLIERS  SHOULD  NOT  BE  USED  TO  APPLY  TORQUE  TO  NUTS  OR 
BOLTS;  THIS  WILL  DAMAGE  THE  TOOL  AND  ALSO  THE  HARDWARE. 

PUNCHES 

Punches  have  many  uses,  the  prick  punch  is  used  to  make  fine  marks 
and  to  pierce  thin  sheet  metal,  figure  5. 
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ft4  PUNCH 


Figure  S.  Punches. 

The  center  punch  is  used  to  mark  metal  for  drilling  holes. 

The  pin  punch  is  used  to  help  drive  rivets  from  holes  after  the 
rivet  is  loosened. 

Note:    The  screwdriver  should  NOT  be  used  as  a  punch. 

SCREWDRIVERS 

Screwdrivers  are  used  to  tighten  or  loosen  screws.    There  are 
•everal  different  types  of  screwdrivers  to  fit  different  types  of 
•crews,  figure  6. 


OffSCT  STANOAW)    CLUTCH  HEAD     CROSSPOIN1  (Phillip.) 


Figure  6.  Screwdrivers. 

The  common  standard  screwdriver  is  used  frequently  by  most 
mechanics. 

The  cross  point  screwdrivers,  used  on  cross  point  screws,  are 
the  Phillips  and  the  Reed  and  Prince. 

The  off-set  screwdriver  is  ideal  to  use  on  screws  that  are 
located  in  a  close  or  difficult  position. 

The  clutch  head  screwdriver  is  to  be  used  on  screws  of  this 
particular  head  design. 
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CAUTION:    USE  THE  SCREWDRIVER  FOR  THE  PURPOSE  AND  IN  THE  MANNER 
IT  WAS  DESIGNED  TO  BE  USED.    DO  NOT  USE  THE  SCREWDRIVER  TO  PRY, 
TO  SCRAPE,  TO  PUNCH,  TO  CHISEL  OR  AS  A  LEVER*    DO  NOT  USE  PLIERS 
ON  THE  SHANK  OF  THE  SCREWDRIVER  TO  GAIN  EXTRA  LEVERAGE,  FIGURE  7. 


Figure  7.    Uee  of  the  Screwdriver. 
WRENCHES 

Wrenches  are  used  tc  apply  a  tightening  force  or,  on  the  other 
hand,  is  used  to  loosen  nuts,  bolts  and  lines* 

The  mechanic  on  the  job,  will  use  socket      tenches,  open  end  wrenche3, 
box  wrenches  and  adjustable  wrenches,  figure  8* 


Figure  8.  Wrenches. 


Note:    Safety,  speed,  and  application  are  important  aspects  to 
remember  when  selecting  a  wrench*    That  is,  the  mechanic  should 
select  and  use  the  wrench  that  is  the  most  practical  and  safe,  for 
a  particular  job  of  tighening  or  loosening  parts  on  an  engine*  The 
wrong  application  of  the  adjustable  wrench  can  be  hazardous  and  also 
may  damage  engine  parts,  figure  9. 
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WRONG 


RIGHT 


Figure  5.    Use  of  the  Adjustable  Wrench. 

CAUTION:    DO  NOT  USE  PIPE  OR  OTHER  EXTENSIONS  TO  INCREASE  THE  LEVERAGE 
ON  A  WRENCH.    THE  USE  OF  AN  EXTENSION  WILL  USUALLY  DAMAGE  THE  EQUIPMENT 
AND  MAY  ALSO  CAUSE  INJURY  TO  THE  PERSON  USING  THE  TOOL,  FIGURE  10. 


Figure  10,    Vee  of  the  Wrenoh. 

QUESTIONS 

1.  What  is  used  to  clean  a  file? 

2.  Name  three  types  of  hammers. 

3.  Why  are  pliers  used7 

4.  Name  three  types  of  punches. 

5.  Name  two  types  of  cross-point  screwdrivers. 

6.  What  are  three  important  things  to  remember  when  selecting 
wrenches? 
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Jet  Engine  Branch  3ABR42633-SG-104A 
Ctmnute  AFBf  Illinois 

HARDWARE 

OBJECTIVES 

After  you  have  completed  this  study  guide  and  your  classroom 
instruction,  you  will  be  able  to: 

1.  State  the  purpose  of  hardware* 

2.  Identify  the  types  of  hardware. 
INTRODUCTION 

The  purpose  of  this  study  guide  is  to  introduce  some  of  the 
aerospace  hardware  that  you  may  use  as  a  mechanic*    Because  of  the 
small  size  of  some  hardware,  its  importance  is  sometimes  overlooked. 
This  study  guide  is  designed  to  cover  only  a  portion  of  aircraft  and 
engine  hardware.    The  information  is  general;  for  more  current  data 
refer  to  TO  1-1A-8  on  aircraft  hardware,  also  the  TO  pertaining  to  your 
specific  equipment. 

INFORMATION 

SCREWS 

The  screw  is  the  most  common  type  of  threaded  fastener  used  on 
aircraft.    They  are  similar  to  other  types  of  threaded  fasteners,  but 
usually  have  a  lower  material  strength  or  loose  thread  fit.    Each  type 
•crew  requires  a  particular  type  screwdriver.    There  are  four  main  groups 
of  screws,  the  structural  screw,  machine  screw,  self-tapping  screw,  and 
set  screw. 


FLritre  22.    Structural  Screw. 

Figure  12.  Machine  Screw 
(Flathead  and  Roundhead). 

The  structural  screw  is  used  in  the  primary  structure  of  the 
aircraft  as  are  rivets  or  bolts,  figure  11. 

9 


ERiC 


203 


The  machine  screw  ie  widely  used  end  there  ere  many  varied  types 
and  designs,  for  example,  the  flathead,  roundhead,  fillister  head,  socket 
head,  pan  and  truss  head,  figure  12* 

Self-tapping  screws  tap  their  own  threads  as  they  bore  into  the 
Mcerlals*    Examples  of  the  self-tapping  screws  are  wood  screws  and 
ahaetmetal  screws,  figure  13* 

Set  screws  are  used  to  secure  or  position  units  such  as  gears  or 
pulleys  on  shafts,  figure  14* 


TYPE  A        TYPE  B  socket 

FLAT  POINT        CONE  POINT      HEAD  SIZE 


AN  WO 
AN345 

Figure  13.    Self-Tapping  Sarewe.  Figure  14.    Set  Screws. 

BOLTS 


\7 


Most  bolts  used  for  the  aircraft  structure  are  general  purpose, 
internal  wrenching,  or  close-tolerance  bolts.    Some  bolts  are  designed 
for  a  particular  purpose  and  application,  these  should  always  be  replaced 
with  like  items*    These  special  bolts  are  usually  designed  by  the  manu- 
facturer and  marked  on  the  head  with  a  stamped  letter  "S,"  for  special* 
Before  any  bolt  is  tightened  or  replaced  the  equipment  TO  should  always 
be  checked  for  proper  hardware  identification  and  replacement  information. 
Standard  aircraft  bolts  are  designed  for  general  applications  that  involve 
certain  tension  or  shearing  loads.    The  size  of  the  bolt  is  determined  by 
the  three  size  readings,  figure  15 •    The  length  of  the  shank  (a),  the 
diameter  of  the  shank  (b) ,  and  the  number  of  threads  per  inch  (c)  . 


Figure  IS.    Determining  Bolt  Size. 
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The  standard  aircraft  bolt  head  will  be  In  the  shape  of  a  hexagon 
design,  figure  16*    A  special  head  such  as  an  internal  wrenching,  figure 
17,  a  12  point  external  wrenching,  figure  18,  or  an  eye  bolt,  figure  19, 
will  be  used  as  specified  by  the  TO. 


o 


o 


II3MI 


Figure  16. 
Standard 
Aircraft 
Bolt. 


i 


T  7- 


Figure  17. 

Internal 

Wrenching. 


Figure  18 
12-Poini 
External 
Wrenching. 


Figure  19 
Eye  Bolt. 


Note:    The  holes  in  the  bolt  heads  are  for  lockwire;  and,  in  the 
shank  end  the  holes  are  used  for  lockwire  or  cotter  pins. 

Bolt  heads  are  stamped  (coded)  to  show  the  physical  characteristics 
of  a  particular  bolt,  figure  20. 


CORROSION  RESISTANT 
STEEL  SOU 


CLOSE  TOLERANCE  BOLT 


ALUMINUM  ALLOY  BOLT 


STEEL  BOLT 


SPCCIAL  USE  BOLT 
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Figure  20.    Stamped  (Coded)  Bolt  Heads. 

Note:    Other  letters  or  numbers  used  to  code  bolts  are  explained 
in  TO  1-1A-8,  Aircraft  Structural  Hardware.    When  the  TO  specifies 
a  steel  bolt  is  to  be  used  it  cannot  be  replaced  with  bolts  made 
of  aluminum  or  other  materials.    The  markings  or  codes  on  the  bolts 
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make  the  identification  and  selection  of  the  correct  bolt  easy  and 
saves  time. 

STUDS 


Studs  are  used  in  soft  metals  or  materials  where  damage  could  result 
if  belts  used  to  fasten  parts  were  removed  and  installed  repeatedly.  The 
stud  is  installed  in  the  unit  and  a  nut  is  used  on  the  exposed  end  of  the 
stud  to  secure  the  part  or  accessory* 

There  are  many  types  of  studs;  the  most  common  types  are  the  straight 
and  stepped,  figures  21  and  22. 


*i      /       \  / 


v       /        v  / 


Figure  21. 
Straight  Studs. 


Figure  22. 
Stepped  Studs. 


NUTS 


The  nut  is  threaded  internally  to  mate  with  the  threads  on  a  bolt 
or  screw.    The  primary  function  of  a  nut  (fastener)  is  to  apply  tension 
to  the  bolt  or  stud.    This  tension  holds  the  joined  members  together. 
Before  torquing  any  nut  or  bolt,  check  the  TO  for  proper  torque  to  apply 
on  any  specific  item  of  equipment. 

There  are  many  types  of  nuts  used  on  Air  Force  equipment  and  the 
military  standard  nuts  are  of  one  piece  construction.    An  exception  to 
the  one  piece  construction,  is  the  nonmetallic  inserted  nut. 

Self-locking  nuts  provide  a  tight  connection  which  will  not  loosen 
because  of  vibration.    The  two  major  types  of  self-locking  nuts  are  the 
torque  uype  and  free-spinning  nuts.    The  torque  type  nut  requires  the  use 
of  a  wrench  throughout  the  entire  tightening  cycle  after  the  bolt  or  screw 
threads  have  been  engaged.    An  example  of  the  torque  nut  is  the  nonmetallic 
inserted  (fiber)  nut.    This  nut  has  a  nylon  locking  section  which  grips  the 
bolt  or  screw  thread  and  prevents  the  nut  loosening.    This  nut  is  not  used 
where  it  would  be  subjected  to  temperatures  above  25G°F. 

Note:    No  self-locking  nut  is  to  be  used  at  a  joint  or  aircraft 
structure  that  is  subjected  to  rotational  movement  in  relation 
to  the  bolt. 
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Nonself-locking  nuts  vary  in  design  and  purpose.    Examples  are  the 
plain,  check,  wing  and  castle  nuts. 

Plain  Nut 

The  plain  nut,  figure  23,  is  used  to  a  very  limited  extent  on  the 
aircraft.    It  must  be  locked,  usually  with  a  check  nut  or  lock  washer. 


Figure  23.    Plain  Nut. 

Check  Nut 

The  check  nut,  figure  24,  is  used  for  a  locking  device  for  plain 
nuts,  set  screws,  threaded  rod  ends  and  other  devices. 


CHECK  NUT 

Figure  24.    Check  Nut. 


Wing  Nut 


The  wing  nut,  figure  25,  is  used  where  the  desired  torque  is  to  be 
applied  by  the  use  of  the  fingers. 


Figure  25.    Wing  Nut.  Figure  26.     Castle  Nut. 

Castle  Nut 

The  castle  nut,  figure  26,  is  used  on  a  drilled  bolt  or  screw  and 
is  secured  by  a  cotter  pin. 

WASHERS 

Washers:    The  most  commonly  used  washers  on  an  aircraft  are  the  plain 
washers,  lock  washers  and  special  washers. 

Plain  washers,  figure  27,  are  used  under  nuts  and  bolts  to  provide  a 
smooth  surface  and  protect  the  surface  from  crushing  damage  when  the  nut 
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it  tightened.  Aluminum  or  alumiuum  alloy  plain  washers  are  used  under 
bolts  and  nuts  on  magnesium  units  to  prevent  corrosion. 

THICKNESS  H  h 


INSIDE  OUTSIDE 
DIAMETER  DIAMETER 


Figure  27.    Plain  Washers. 

Lockwashers,  figure  28,  provide  a  spring  pressure  under  the  nut  to 
prevent  loosening.    It  is  used  only  if  the  equipment  TO  specifies  its  use. 
When  used  on  soft  surfaces  a  plain  washer  must  be  used  under  the  lockwasher 
to  prevent  damage  to  the  soft  materials. 


OUTSIDE 
DIAMETER 
L 


INSIDE 
DIAMETER 


THICKNESS  -II— 


WIDTH 


THICKNESS 


AV 


Figure  28.    Lockwasher 8 . 

Special  washers,  figures  29  and  30,  are  designed  to  be  used  in  special 
locations  for  special  jobs;  the  TO  shows  where  and  when  to  use  special 
washers. 


THICKNESS  \\— 

Figure  29.    Special  Washer. 


Figure  30.    Special  Washer. 


PINS 


Pins  are  used  to  secure  aircraft:  hardware  items  or  units.    There  are 
many  types  of  pins,  such  as  tapered  -pins ,  flat  pins,  cotter  pins,  spring 
pins  and  quick  release  pins. 

Tapered  pins,  figure  31,  are  used  in  joints  that  carry  shear  loads 
and  where  the  absence  of  clearance  is  essential. 
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2.01 


OiAMETER 


LENGTH 


IE 


TAPER  1/4  INCH  PER  FOOT 


fT^^ 


Figure  31.  ^  Tapered  Pin. 

Flat  head  pins,  figure  32,  are  used  with  tie  rod  terminals  or 
secondary  controls.    The  flat  head  pin  is  secured  with  a  cotter  pin. 


—EFFECTIVE  LENGTH— 


EXTENSION 


SHANK  DIAMETER 
LENGTH   


L  DIAMETER  ±  ™0 


-  LENGTH - 


•HEAD  HOLE 

OPTIONAL  ENDS- 


Figure  32.    Flat  Head  Pin. 


Figure  33.    Cotter  Pin. 


Cotter  pins,  figure  33,  are  used  to  secure  bolts,  nuts,  screws,  and 
pins  where  necessary.  Cotter  pins  are  used  one  time  and  should  never  be 
reused,  but  should  be  replaced  with  a  new  pin. 


-LENGTH  » 


DIAMETER 


Figure  34.    Spring  Pin. 


REMOVING  SPRING 
PIN, USING  PIN  PUNCH 
AND  HAMMER. 


INSERTING  SPRING  PIN 
BY  DRIVING  WITH 
HAMMER  OR  PNEUMATIC 
SPRING  PIN  INSERTION 
TOOL. 


THE  SPRING  PIN  INSERTED.  THE 
SPRING  PINS  DO  NOT  REQUIRE 
ANY  METHOD  OF  SECURING  TO 
RETAIN  THEM  IN  PLACE,  AS  THIS 
IS  ACCOMPLISHED  BY  THE  SPRING 
ACTION  OF  THE  PIN  ITSELF. 


U 


Figure  35.    Spring  Pint 
Removal  and  Installation. 


15 


ERIC 


201) 


Spring  pins,  figures  34  and  35,  are  heat  treated  to  obtain  maximum 
•trength  and  toughness  in  the  pins.    The  outside  diameter  of  a  pin  is 
greater  than  the  hole  the  pin  is  installed  in,  therefore,  a  steady  pres- 
sure is  exerted  by  the  spring  pin  after  it  is  installed. 


BAJL  TYPE  (DOUBLE  ACTING) 


RING  TYPE  (DOUBLE  ACTING) 

-STEEL  SLEEVE 


L  HANDLE  TYPE  (SINGLE  ACTING) 


u 


d 


fl 


STEEL  SLEEVE 


T  HANDLE  TYPE  (SINGLE  ACTING) 


D 


BUTTON  HEAD  TYPE  (DOUBLE  ACTING) 


Figure  36.    Quick  Release  Pins. 

Quick  release  pins,  figure  36,  Sometimes  referred  to  as  ,fpipM  pins, 
where  rapid  removal  and  replacement  of  equipment  is  necessary. 


THREADED  INSERTS 


Threaded  inserts  are  commonly  used  in  ai -craft,  engines  and  accessories 
to  protect  and  strengthen  tapped  threads  in  lijht  materials,  metals  and 
plastics,  particularly  in  locations  or  on  parts  that  require  frequent 
assembly  and  disassembly.    The  three  types  of  threaded  inserts  are  the 
lock  ring,  clinch  nut  and  the  one-piece  threaded  insert. 

The  lock  ring  threaded  insert  of  the  standard  or  self-tapping  type, 
figure  37,  can  be  placed  in  any  material  that  can  be  drilled  and  tapped. 
The  lock  ring  threaded  insert  is  constructed  of  strong  steel  and  bolts, 
studs,  or  screws  will  not  cause  damage  to  its  internal  teeth.     The  lock 
ring,  installed  by  pressure,  prevents  the  insert  from  coming  loose  because 
of  vibration  or  removal  of  the  bolt. 

The  clinch  nut  type  threaded  insert,  figure  38,  provides  a  permanent 
fastener  where  a  nut  is  to  remain  in  place.     This  allows  for  simplicity 
and  speed  in  removal  and  reassembly  of  the  unit. 


One  piece  threaded  inserts,  figure  39,  are  precision  formed  coils 
of  diamond-shaped  wire  and  are  used  as  screw  thread  bushings.    The  one 
piece  threaded  inserts  are  available  in  various  diameters  and  thread 
sizes.    They  are  used  in  some  instances  with  steel  studs  and  bolts. 
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STANDARD 


SELF-TAPPING 


Figure  37. 

Look  Ring  Threaded  Inserts. 


UNNOTCHED 


NOTCHED 


ALUMINUM,  STEEL 
STEEL, BRASS, OR  i 
STAINLESS  STEEL 


STEEL 


(as    j^"^  ^ 


-J— 

J25 


SIZE  6-32 


SIZE  6-32 


SIZE  6-32 


NYLON  ALL  METAL 

STANDARD  MINIATURE 
CLINCH  NUT       CLINCH  NUTS 

Figure  38.    Clinch  Nut  Type 
Threaded  Inserts. 


Figure  39.  One-Piece 
Threaded  Inserts. 

TUBING  AND  SYSTEM  IDENTIFICATION 

Tubing  such  as  stainless  steel  and  aluminum  alloy  are  used  to  carry 
fluids  and  gases  in  the  various  systems.    The  color  coded  tape,  figure  40, 
is  used  to  aid  in  rapid  and  accurate  identification  of  the  tubes  (lines) 
of  the  various  systems. 

Stainless  steel  tubing  is  corrosion  resistant  and  used  in  high  pressure 
systems.    This  tubing  will  withstand  as  much  as  3000  psi,  such  as  is  used 
in  hydraulic  system  for  landing  gear,  wing  flaps  and  brakes. 

Aluminum  alloy  tubing  is  used  for  geneal  purpose  lines  and  conduits 
for  low  fluid  pressures.    This  tubing  is  used  for  instrument  lines, 
electrical  and  ven    lating  conduits  and  drain  lines. 


Note:  All  tubing  should  be  handled  carefully  to  prevent  sharp  bends, 
kinks,  nicks,  or  scratches  on  the  tubing. 
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WARNING 
SYMBOL 


THE  ABOVE  COLOR  CODES  REPRESENT  DESIGNATION  FOR  SYSTEMS  ONLY.  FOR  CODING  LINES  WHICH  DO  NOT  FALL  INTO  ONE  OF 
THESE  SYSTEMS  THE  CONTENTS  SHALL  BE  DESIGNATED  BY  BLACK  LETTERING  ON  A  WHITE  TAPE. 

SUBSIDIARY  FUNCTIONS  OR  IDENTIFICATION  OF  L INE  CONTENT  MAY  BE  INDICATED  BY  THE  USE  OF  ADDITIONAL  WORDS  OR  AB- 
BREVIATIONS WHICH  SHALL  BE  CARRIED  ON  A  SECOND  TAPE  ADJACENT  TO  THE  FIRST  OR  ALTERNATIVELY  INTERPOSED  BETWEEN 
THE  WORDS  DESCRIPTIVE  OF  THE  MAIN  FUNCTION. 

WARNING  SYMBOL  TAPES.  3/8-INCH  WIDE.  SHALL  BE  APPLIED  TO  THOSE  LINES  WHOSE  CONTENTS  ARE  CONSIDERED  TO  BE 
DANGEROUS  TO  MAINTENANCE  PERSONNEL.  WARNING  TAPES  ARE  TO  BE  PLACED  ADJACENT  TO  SYSTEM  IDENTIFICATION  TAPES 

ONE  BAND  SHALL  BE  LOCATED  ON  EACH  TUBE  SEGMENT,  24  INCHES  OR  SHORTER.  ONE  BAND  SHALL  BE  LOCATED  AT  EACH  END 
OF  EACH  TUBE  SEGMENT  LONGER  THAN  24  INCHES.  ADDITIONAL  BANDS  SHALL  BE  APPLIED  WHEN  THE  TUBE  SEGMENT  PASSES 
THROUGH  MORE  THAN  ONE  COMPARTMENT  OR  BULKHEAD.  AT  LEAST  ONE  BAND  SHALL  BE  VISIBLE  IN  EACH  COMPARTMENT  OR  ON 
EACH  SIDE  OF  THE  BULKHEAD. 

PRESSURE  TRANSMITTER  LINES  SHALL  BE  IDENTIFIED  BY  THE  SAME  COLORS  AS  THE  LINES  FROM  WHICH  THE  PRESSURE  IS  BE- 
ING  TRANSMITTED 

FILLER  LINES.  VENT  LINES  AND  DRAIN  LINES  OF  A  SYSTEW  SHALL  BE  IDENTIFIED  BY  THE  SAME  COLORS  AS  THE  RELATED 
SYSTEM. 

TAPES  SHALL  NOT  BE  USED  ON  FLUID  LINES  IN  THE  ENGINE  COMPARTMENT  WHERE  THERE  IS  A  POSSIBILITY  OF  THE  TAPE 
BEING  DRAWN  INTO  THE  ENGINE  INTAKE.  FOR  SUCH  LOCATIONS.  SUITABLE  PAINTS.  CONFORMING  TO  THIS  COLOR  CODE.  AND 
WHICH  HAVE  NO  DELETERIOUS  EFFECT  ON  THE  MATERIAL  USED  FOR  THE  LINES,  SHALL  BE  USED  FOR  IDENTIFICATION  PURPOSES 
IN  THESE  CASES  THE  GEOMETRICAL  SYMBOLS  MAY  9E  OMITTED. 

Figure  40,    Color  Coding  for  Tubing  and  Foaes. 
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QUESTIONS 


1. 

Name 

four  types  of  screws. 

2. 

Name 

four  types  of  bolts. 

3. 

Name 

two  types  of  studs* 

4. 

When 

are  plain  washers  used? 

5. 

When 

are  castle  nuts  used? 

6. 

Name 

two  types  of  pins. 

7. 

Name 

three  types  of  threaded  inserts. 

O 

0  • 

Name 

two  types  or  cud xng . 

9. 

What 

is  the  color  code  for  fuel  lines  or  hoses? 

10. 

What 

is  the  color  code  for  hydraulic  lines  or  hoses? 
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MEASURING  DEVICES 


OBJECTIVES 


After  you  have  completed  this  study  guide  and  your  classroom 
instruction,  you  will  be  able  to: 

!•      Identify  types  of  measuring  devices. 

2.      Use  measuring  devices  on  simple  projects. 


The  work  of  a  mechanic  is  no  more  accurate  than  the  measurements  he 
may  make.    It  is  important,  therefore,  that  he  learns  to  hold,  use,  and 
read  the  measuring  device  correctly  and  accurately.    There  are  many  dif- 
ferent types  and  kinds  of  measuring  devices;  each  device  is  designed  to 
be  used  for  a  specific  purpose.    Examples  of  measuring  devices  are:  a 
6-inch  steel  rule,  thickness  gage,  screvpitch  gage,  calipers,  and 
micrometers. 


The  micrometer  is  the  most  accurate  of  the  adjustable  measuring 
instruments.    It  is  used  to  measure  to  within  one-thousandth  (0.001)  of 
an  inch.    If  it  is  equipped  with  a  vernier  scale,  it  will  measure  to 
within  one  ten-thousandth  (0.0001)  of  an  inch.    An  outside  micrometer 
is  shown  in  figure  41.    The  principle  parts  of  an  outside  micrometer  are 
the  anvil,  spindle,  frame,  barrel  and  thimble.    Some  micrometers  are 
equipped  with  a  lock  and  ratchet  stop. 


INTRODUCTION 


MICROMETER 


Figure  41.    Outside  Mioxcmtev. 
20 
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The  anvil  is  one  of  the  two  measuring  faces  between  which  the  work 
la  measured.    The  anvil  is  mounted  in  the  frame  opposite  the  spindle 
face,  figure  41* 

The  spindle  is  the  other  of  the  two  measuring  faces  of  the  micrometer. 
A  clockwise  rotation  of  the  thimble  will  cause  the  spindle  to  move  toward 
the  anvil,  while  a  counterclockwise  rotation  of  the  thimble  will  cause  the 
•pindle  to  move  away  from  the  anvil. 

The  frame,  figure  42,  holds  the  anvil  in  place,  and  is  also  held  in 
the  mechanic's  hand  when  he  is  measuring  or  working  with  the  micrometer. 


Figure  42.    Main  and  Subdivision  on  the  Barrel. 

The  barrel  of  a  micrometer  that  has  a  range  of  one  inch  is  divided 
into  ten  main  divisions,  each  division  equaling  one-hundred  thousandths 
of  an  inch  (0.100).    Each  main  division  of  the  barrel  is  then  subdivided 
into  four  equal  subdivisions  of  twenty-five  thousandths  (0.025)  of  an 
inch,  figures  42  and  43. 


r 


Figure  43.    Micrometer  Readings. 

The  thimble  has  a  beveled  edge  which  is  divided  into  25  equal  divisions, 
each  of  these  divisions  equals  one  thousandths  of  an  inch  (0.001).  These 
divisions  are  marked,  for  convenience,  at  every  five  spaces  by  0,  5,  10, 
15  and  20.    One  complete  turn  of  the  thimble  will  move  the  spindle  twenty- 
five  thousandths  (0.025)  of  an  inch,  figure  43. 

Different  types  of  micrometers  are  used  for  different  types  of  measure- 
ments, mainly  outside  measurements,  inside  measurements  and  depth  measure- 
ments.   The  principles,  of  use  and  operation  of  all  types  of  micrometers 
is  about  the  same. 

An  inside  micrometer,  figure  44,  is  used  to  measure  the  inside  diameter 
of  cylinders,  the  width  of  recesses  and  other  similar  inside  dimensions . 

A  depth  micrometer,  figure  45,  is  used  to  measure  the  depth  of  a 
recess  or  hole. 
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Figure  46,    Inside  Micrometer  Caliper. 

An  inside  micrometer  caliper,  figure  46,  is  another  form  of  micro- 
meter that  is  designed  for  inside  measurements  such  as  small  diameters 
and  narrow  slots. 

The  first  step  in  learning  to  use  a  micrometer  is  to  hold  it  correctly, 
figure  47.    The  thumb  and  first  finger  are  used  to  turn  the  thimble  until 
the  anvil  and  spindle  just  touch  the  material*    Only  a  very  slight  tension 
should  be  applied,  and  it  should  be  the  same  every  time  the  micrometer  is 
used.    Many  micrometers  have  a  ratchet  on  the  end  of  the  thimble  which 
will  slip  when  tension  becomes  too  great  and  will  prevent  overtightening. 

22 
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The  spindle  of  the  micrometer  should  always  be  perpendicular  to  the 
material  being  measured.    If  it  is  not,  the  micrometer  reading  will  be 
•lightly  greater  than  the  actual  size  of  the  material. 


Figure  47.    Correct  Way  to  Hold  a  Small  Outside  Miovomter. 

The  micrometer  is  a  most  delicate  measuring  instrument 9  rough 
handling  or  misuse  will  reduce  its  accuracy  or  cause  it  to  be  inoperable. 
When  the  micrometer  is  not  being  used,  place  it  gently  on  a  smooth  clean 
surface.    Do  not  bump  or  drop  the  micrometer.    Place  a  light  film  of  clean 
oil  on  the  surface  of  the  micrometer.    Never  use  dirty  oil,  or  permit  dirt 
particles,  to  touch  or  accumulate  on  the  micrometer  —  KEEP  IT  CLEAN,  Do 
not  tighten  the  thimble,  but  use  a  very  light  touch  when  adjusting  the 
micrometer  for  measurements. 

CALIPERS 

Calipers  are  used  for  measuring  or  transferring  diameters  and  distances 
or  comparing  distances  and  sizes.    They  are  classified  as  sliding  or  spring 
calipers,  and  either  classification  may  be  used  for  inside  or  outside  measure- 
ments.   Measurements  taken  with  calipers  are  considered  more  accurate  than 
those  taken  with  a  rule.    They  can  be  used  to  take  measurements  to  within 
one  thousandth  (0.001)  of  an  inch. 

The  caliper  rule,  figure  48,  has  a  fixed  jaw  at  the  end  of  a  bar  and 
a  movable  jaw  fastened  to  a  frame  which  slides  on  this  bar.    The  bar  has 
a  scale  on  it  and  the  frame  has  two  index  marks  labeled  IN  and  OUT.  One 
side  of  the  jaw  is  used  to  take  outside  measurements  and  the  other  side  of 
the  jaw  is  used  to  take  inside  measurements. 
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Figure  48.    Tdo  Vitus  of  a  Simple  Caliper  Rule. 

Spring  calipers ,  figures  49  and  50,  have  no  scale  and  are  used  mainly 
to  transfer  dimensions.    They  are  used  to  take  the  inside  or  outside 
dimensions  of  a  piece  of  material. 


Figure  49.  Three  Types  of 
Outside  Calipers. 


Figure  SO.  Three  Types  of 
Inside  Calipers. 


Sliding  calipers  should  be  kept  clean  and  oiled.    They  should  never 
be  jammed  tightly  on  the  material,  this  may  spring  the  jaws  and  damage 
the  calipers. 

Spring  calipers  should  not  be  used  when  material  is  moving,  nor  should 
the  calipers  be  forced  on  the  material.    They  may  not  be  damaged,  but  they 
will  sprinc  slightlv  and  give  an  inaccurate  measurement. 

SCREW  PITCH  GAGE 

This  gage  is  sometimes  n-f erred  to  as  a  thread  pitch  gage.    It  is 
similar  in  appearance  to  the  thickness  gage;  however,  all  the  leaves  have 
about  the  same  thickness.    The  edge  of  each  leaf  has  a  different  number 
of  teeth  per  inch  cut  in  it,  figure  51.    The  screw  pitch  gage  is  used  to 
determine  the  number  of  threads  per  inch  on  a  screw,  bolt,  or  other 
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threaded  units.    The  number  of  threads  per  inch  on  a  threaded  object 
may  be  determined  by  trying  various  leaves  of  the  gage  until  one  fits 
perfectly.    The  number  stamped  into  the  leaf  indicates  the  number  of 
threads  per  inch  (TPI) ,  figure  52. 


* 


Figxxre  51.    Thread  Pitch  Gage.  Figure  52.    Use  of  Screw  Pitch  Gage. 

THICKNESS  GAGE 

The  thickness  gage  consists  of  thin  leaves  of  hard  steel,  figure  53. 

Each  leaf  is  precision  ground  to  a  definite  thickness.  The  leaves  are 

usually  in  sets,  with  one  end  of  the  leaf  fastened  in  a  case.    A  set 
usually  includes  26  leaves  that  range  in  size  from  fifteen  ten-thousandths 
(0.0015)  to  twenty-five  thousandths  (0.025)  of  an  inch. 


*  ! 


Figure  53.    Typical  Thickness  Gage. 

Thickness  gages  are  used  to  measure  the  clearance  between  two  parts. 
{  %  One  leaf  at  a  time  is  tried  until  the  leaf  which  will  enter  the  opening 

is  found.  The  thickness  of  that  leaf  is  then  read  and  the  clearance 
determined.    The  leaf  should  be  wiped  off  before  trying  to  insert  it 
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between  two  parts.    It  should  nGver  be  forced!    Only  a  light  pressure 
should  be  applied.    If  the  leaf  is  forced,  it  may  spread  the  opening 
•lightly,  thus  giving  an  inaccurate  indication  of  size.    There  is 
danger  also  of  kinking  and  damaging  the  leaf.    If  a  leaf  of  the  proper 
thickness  is  not  available,  two  leaves  may  be  wiped  clean  and  used 
together . 


STEEL  RULES 

Rules  are  usually  made  of  steel  and  are  4,  6,  or  12  inches  in  length. 
The  largest  unit  of  measurement  common  to  these  rules  is  the  inch.  The 
inch  may  be  divided  into  smaller  parts  known  as  fractional  parts  of  an 
inch.    There  are  four  graduations  on  a  steel  rule*    They  are  1/8,  1/16, 
1/32  and  1/64  of  an  inch. 

The  rule  is  a  measuring  instrument.    It  is  not  a  screwdriver,  a  pry, 
a  scraper,  or  a  putty  knife.    The  rule  should  never  be  used  for  one  of 
these  tools. 

TORQUE  WRENCHES 

A  torque  wrench  consists  of  a  torque  handle  and  a  socket.    It  enables 
a  mechanic  to  tighten  a  nut  ot  bolt  with  exactly  the  proper  amount  of 
tightness.    Two  different  types  of  torque  handles  used  in  the  Air  Force 
are  the  automatic  release  or  breakaway  and  ratchet  flT!l  handle,  figure  54. 
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IDENTIFICATION  CODE 

SQUARE  DRIVE 
COLOR  COOE 
SHAFT  SCALE 
GRIP  MARKINGS 
GRIP 

GRIP  LOCK 
GRIP  END 


A 
B 

C 
0 
E 
F 
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Figure  54.    Automatic  Release  or  Breakaway  Torque  Handle. 

The  automatic  release  of  breakaway  typo  torque  handle  is  designed 
in  such  a  way  that  when  the  sor  amount  of  torque  is  reached  the  handle 


'\hen  the  handle,  re  Leases,  it 


will  autor.a: iea L  Ly  release  <xr  "aroak. 
wiLl  have  a^rox i-uCi'lv  fif;o--n  to  rwentv  decrees  of  tree  travel.  The 
desired  te:'    .e  sou  lit-;  is  ar«.  ;;r>]  .  **hcd  by  cumin*  Civ1  j;rip   (K)  section 
of  the  handle  clockwise  to  ra i  e  Lhe  torque  and  eounterelockwise  to  lower 
Che  torque.     The  numbers  on  the  shaft  scale  (C)  and  grip  markings  (D) 
represent  foot  pounds  or  inch  pounds,  according  to  the  size  of  the  handle 
being  used.     When  the  grip  lock  (F)  is  unlocked,  the  grip  (E)  can  be 
turned  co  any  given  setting  within  the  rang«  of  the  scale.     As  the  grip 
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is  turned  it  moves  along  the  shaft  scale.    One  revolution  of  the  grip 
moves  the  grip  end  through  a  10  inch  pound  range  or  from  one  number  to 
the  next.    The  grip  markings  (D)  are  used  to  obtain  a  setting  which  falls 
between  two  consecutive  numbers  on  the  scale.    Two  reference  lines  must 
be  considered  when  setting  the  handle  to  a  given  torque.    First,  the  grip 
end  is  the  reference  line  for  reading  numbers  on  the  shaft  scale.  Second, 
the  shaft  scale  line  (C)  is  the  reference  line  the  reading  numbers  on  the 
grip  end.    If  it  is  desired  to  set  the  torque  indicating  handle  to  20 
inch  pounds,  turn  the  grip  until  the  grip  is  on  the  20  mark  and  the  0 
on  the  grip  end  is  in  line  with  the  shaft  scale  line  (C)  . 

The  "T"  handle  torque  wrench,  figure  55,  is  shaped  like  a  "T,"  as 
the  name  implies.    It  has  a  preset  torque  and  cannot  be  adjusted  like  the 
other  torque  wrenches.    When  a  nut  or  hose  clamp  has  been  tightened  to 
the  set  torque,  the  handle  will  ratchet,  if  the  handle  is  turned  further 
it  will  not  tighten  the  nut  any  more. 


The  purpose  of  tightening  a  screw  or  a  nut  on  a  stud  is  to  place  the 
screw  or  stud  under  tension.    The  amount  of  tension  is  very  critical  in 
some  assemblies.    If  a  nut  is  left  too  loose,  it  does  not  hold  securely. 
If  it  is  tightened  too  tight,  it  may  pull  the  bolt,  strip  the  threads,  or 
put  an  unnecessary  and  possibly  dangerous  strain  on  the  members  being 
held  together.    If  a  set  of  nuts  on  a  unit  are  not  all  tightened  with 
the  same  torque,  internal  stresses  will  be  set  up  in  the  unit.  These 
stresses  may  cause  eventual  failure  of  the  unit.     Check  after  check  has 
shown  that  structural  failure  and  rapid  wear  have  been  caused  by  improper 
tightening  of  nuts  and  bolts. 

Torque  exerted  by  the  mechanic  while  using  the  torque  wrench,  is  an 
approximate  measure  of  the  tension.    However,  torque  as  a  measure  of  screw 
or  stud  tension  is  approximately  accurate,  only,  if  proper  technique  is 
used  while  the  torque  wrench  is  being  used. 

When  the  torque  wrench  is  being  used  and  the  specified  torque  is 
approached,  keep  the  nut  or  screw  moving  with  a  steady,  slow,  sweep 
of  the  wrench  until  the  specified  torque  is  reached. 


Figure  55.    "T"  Handle  Torque  Wrench. 
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Note:  A  fast  or  jerky  motxon  will  result  in  an  improperly  torqued 
or  damaged  fastener. 


In  all  torque  requirements,  the  desired  torque  value  is  pre- 
determined and  may  be  found  in  the  appropriate  technical  order* 

Torque  wrenches  should  be  calibrated,  every  60  days  or  more  often 
depending  upon  how  much  the  handle  is  used.    A  strip  of  color  code  tape 
and  the  day,  month  and  year,  will  be  placed  on  the  handle  to  indicate 
when  the  handle  is  next  due.    Treat  a  torque  wrench  as  a  delicate  instru- 
ment.   A  torque  wrench  cannot  be  treated  as  carelessly  as  a  box  wrench 
or  screwdriver  without  losing  its  accuracy.    If  the  torque  wrench  is 
dropped,  it  must  be  calibrated  before  using  it  again. 

QUESTIONS 

1.  Name  the  four  principle  parts  of  an  outside  micrometer, 

2.  The  barrel  of  a  micrometer  is  divided  into  how  many  main  divisions? 

3.  Name  three  types  of  micrometers • 

4.  When  are  calipers  used? 

5.  What  is  the  purpose  of  a  screwpitch  gage? 

6.  What  is  the  purpose  of  a  torque  wrench? 

7.  How  often  are  torque  handles  calibrated? 

8.  Where  are  all  »:-  L  ,ue.  requirements  found? 
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SAFETY  WIRE  (LOCKWIRING) 

OBJECTIVES 

After  you  have  completed  this  study  guide  and  your  classroom 
instruction,  you  will  be  able  to  use  safetywire  correctly  by  lockwiring 
three  bolts  together. 

INTRODUCTION 

Safetywire  is  used  to  secure  aircraft  and  engine  hardware  items 
such  as  nuts,  bolts,  lines,  and  caps.    After  the  hardware  item  has 
been  tightened  properly,  safetywire  is  installed  to  prevent  the  items 
from  loosening  because  of  vibration  or  strain. 

BASIC  RULES  OF  LOCKWIRING 

Lockwire  must  be  tight  after  installation  to  prevent  failure  due 
to  rubbing  or  vibration. 

Lockwire  must  be  installed  in  a  manner  that  tends  to  tighten  and 
keep  the  part  locked  in  place,  thus  counteracting  the  natural  tendency 
of  a  part  to  loosen. 

Lockwire  must  not  be  overstressed,  it  will  break  under  vibration 
if  twisted  too  tightly.    Lockwire  must  be  taut  when  it  is  being  twisted, 
but  shall  have  minimum  tension,  if  any,  when  secured. 

Lockwire  ends  must  be  bent  toward  the  engine  or  part,  to  avoid 
sharp  or  projecting  ends  which  might  present  a  safety  hazard  or  vibrate 
in  the  air  stream. 

Internal  wiring  must  not  cross  over  or  obstruct  a  flow  passage  when 
an  alternate  method  can  be  used. 

The  applicable  TO  should  be  consulted  before  using  lockwire  on  any 
piece  of  equipment. 

Always  apply  the  correct  torque  to  nuts  and  bolts  before  installing 
the  safety  wire. 

TWISTING  THE  LOCKWIRE 

To  prevent  mutilation  of  the  twisted  section  of  the  wire  when  using 
pliers,  grasp  the  wire  at  the  ends  or  at  a  point  where  the  wire  will  not 
be  twisted.    Lockwire  must  not  be  nicked,  kinked  or  mutilated.  Never 
twist  or  break  the  wire  ends  off  with  pliers.    When  cutting  off  the  wire 
ends,  leave  at  least  three  complete  turns  after  the  loop;  also,  exercise 
extreme  care  to  prevent  wire  ends  from  falling  into  the  engine.  The 
strength  of  the  lockwire  holes  in  nuts  and  bolts  is  marginal,  never  twist 
the  wire  off  with  the  pliers.    In  the  event  the  original  lockwire  hole  is 
damaged  on  the  nuts,  an  additional  hole  may  be  drilled  on  the  opposite  side 
of  the  nut. 
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Caution:    Remove  burrs  and  sharp  edges  from  the  damaged  lockwire 


Methods  of  lockviring  include  the  double  twist  method  and  the  single 
•trand  method.    Refer  to  the  TO  on  specific  equipment  for  the  preferred 
method  to  use  on  lockviring. 

The  double  twist  method  is  done  two  different  ways,  the  over  the 
head  method  and  around  the  head  method* 


Figures  56,  57,  and  58  illustrate  typical  lockwiring  procedures. 
There  are  many  lockwiring  procedures  performed  on  the  engines,  and 
practically  all  of  the  procedures  are  derived  from  the  basic  examples 
shown  in  these  figures. 


1.  Name  four  basic  rules  of  lockwiring. 

2.  Name  two  methods  of  lockwiring. 

3.  How  many  turns  (twists)  should  be  left  on  the  end  of  lockwire? 
A.  Name  two  ways  the  double  twist  method  can  be  done. 

5.  On  specific  equipment,  what  method  of  lockwiring  should  be  used? 


holes. 


LOCKWIRING  PROCEDURES 


QUESTIONS 
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1 

Portion  the  holes 


Insert  prop«r  gage  wire.  Tc 
determine  the  proper  wire  to 
be  used  in  conjunction  with  a 
particular  tightening  opera* 
Hon  refer  to  the  correspond- 
ingly designated  engine  parts 
catalog  or  illustrated  parts 
breakdown.  Lockwire  which 
is  specially  treated  for  982°C 
(1800°F)  applications  has  o 
dark  gray  to  black  color. 


Grasp  upper  end  of  the  wire 
and  bend  it  around  the  head 
of  the  bah;  then  under  the 
other  end  of  the  wire.  Be  sure 
wke  *»  tight  around  head. 


Twist  wire  until  wire  h  just 
short  of  hole  in  the  second 
bolt. 


5 


f 


Insert  the  uppermost  wire, 
which  points  towards  the  sec* 
ond  boh,  through  the  hole 
which  lies  between  the  nine 
and  twelve  o'clock  position. 
Grasp  the  end  of  the  wire  with 
a  pair  of  pliers  and  pull  the 
t  tight. 


•ring  the  free  end  of  the  wire 
around  the  boh  head  in  a 
counterclockwise  direction  and 
under  the  end  protruding  from 
the  boh  hole.  Twist  the  wire  in 
a  counterclockwise  direction. 


Grasp  the  wire  beyond  the 
twisted  portion  and  twist  the 
wire  ends  counterclockwise  un* 
til  tight. 


8 

During  the  final  twisting  mo* 
Hon  of  the  pliers,  bend  the  wire 
down  and  under  the  head  of 
the  boh. 


Cut  off  excess  wire  with  diag* 
onal  cutters. 


L5254 


Figure  56.    Lookuiring  Procedures. 
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OWlf  1  EXAMPLE  2  EXAMPLE  3  EXAMPLE  4 

Example*  1,  2,  3,  ond  4  opph/  to  oil  types  of  bolts,  fillister  head  screws,  squore  heod  plugs,  ond  other  similor  parts 
which  ore  wired  so  thot  tht  loosening  tendency  of  tithtr  port  is  counteracted  by  tightening  of  the  other  part.  The 
direction  of  twist  -  from  the  second  to  the  third  unit  is  counterclockwise  to  keep  the  loop  in  position  ogoinst  the  heod 
of  the  bolt.  The  wire  entering  the  hole  in  the  third  unit  will  be  the  lower  wire  ond  by  moking  o  counterclockwise  twist  of- 
tgr  H  leaves  the  hole,  the  loop  will  be  secured  in  place  oround  the  heod  of  thot  bolt. 


EXAMPLE  S  EXAMPLE  I  EXAMPLE  7  EXAMPLE  I 

Example*  5, 6, 7  &  8  show  methods  for  wiring  vorious  stondord  items.  Note:  Wire  moy  be  wrapped  over  the  unit  rather 
thon  around  it  when  wiring  costellated  nuts  or  on  other  items  when  there  is  o  cleorance  problem. 


EXAMPLE 


Example  9  shows  the  method  for 
wiring  bolts  in  different  plones. 
Note  thot  wire  should  olwoys  be 
applied  so  thot  tension  is  in 
the  tightening  direction. 


EXAMPLE  10 

Hollow  heod  plugs  sholl  be  wired  ot 
shown  with  the  tob  bent  inside  the 
hole  to  ovoid  snogs  ond  possible  in- 
jury to  personnel  working  on  the 
engine. 


EXAMPLE  11 

Correct  opplicotion  of 
single  wire  to  closely 
spaced  multiple  group. 

I  5246 


Figure  57.  Lochriring. 
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BOU  HEADS  CASTLE  NUTS 


NOTE 

THE  SAFETYWIRE  IS  SHOWN  INSTALLED  FOR  RIGHT-HAND  THREADS  THE  SAFETYWIRE 
'IS  ROUTED  IN  THE  OPPOSITE  DIRECTION  FOR  LEFT-HAND  THREADS. 


Fiawce  58.  Loohiivvna. 
33 
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Jet  Engine  Branch  ,  3ABR43230-WB-102D 

Chanute  AFB,  Illinois  19  November  1974 

TORQUE  WRENCHES 

OBJECTIVES 

When  you  hmre  completed  this  workbook,  you  will  be  able  to: 

1.  State  the  purpose  and  proper  use  of  torque  wrenches. 

2.  State  the  method  used  for  torque  conversion. 
EQUIPMENT 

Basis  of  Issue 
3A3R43230-SG-103B  1/student 

PROCEDURE 

Use  the  information  presented  in  the  classroom  presentation, 
discussion,  study  guide,  and  aid  from  the  instructor.    Fill  in  the 
spaces  provided  with  the  correct  information. 

1.  Torque  wrenches  are  used  to  obtain  a  predetermined 

  value  as  prescribed  in  the  technical  orders  and 

manuals. 

2.  Torque  Conversions:    12  inch-pounds  equal   

foot-pound. 

mr     To  change: 

(1)  Foot-pounds  to  inch-pounds,  you  by  12. 

(2)  Inch-pounds  to  foot-pounds,  you  by  12. 

b.     Work  the  following  problems: 

Cl)  60  foot-pounds  equals   inch-pounds. 

(2)  216  inch-pounds  equals    foot-pounds. 

(3)  576  inch-pounds  equals    foot-pounds. 

(4)  75  foot-pounds  equals   inch-pounds. 


•This  supersedes  3ABR43230-WS-102D,  21  March  1973.  RGL:  N/A 

OPR:  TAR 
DESTRUCTION:  X 

TAR  -  2800;  TTOC  -  2 

Designed  for  ATC  Course  Use.    Do  Not  Use  on  the  Job. 
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Choose  from  these  words  to  complete  items  3  through  20. 

bolts  fast  smooth 

breakaway  jerky  steady 

capacity  lock  techniques 

color  code  tape  lowest  sixty 

common  tools  memory  torque 

date  nuts  torque  control 

extension  overtorque  verified 

smooth  release  overtorque 

3.  The  most  common  type  of  torque  wrench  used  in  the  Air  Porce 
is  the   type. 

4.  When  the  torque  reaches  a  preset  value,  the  handle  will 
  or  breakaway  approximately  15  degrees  travel. 


5.      When  the  mechanic  feels  the  handle  release,  he  knows  the 
proper  J  has  been  reached. 


6.      Once  the  torque  wrench  has  released  DO  NOT  PULL  AGAIN,  not 
even  to  recheck  the  torque,  as  this  will   the  bolt. 


7.  Unlock  and  rotate  the  grip  to  the  desired  torque  setting 
on  the  shaft,  then   the  grip  in  place. 

8.  Torque  should  be  applied  in  a   and 

  motion  to  prevent  overtightening. 

9.  With  a  or  pull,  you  might 

not  feel  the  breakaway  action  of  the  torque  wrench  and  could  easily 
  the  bolt  or  nut. 


10.  Torque  control,  as  it  is  called,  is  the  ability  to  apply 
torque  in  a  ,  steady  motion. 

11.  Proper  tightening  of  aircraft  hardware  is  called 


12.  A  good  mechanic  will  not  take  torque  control  lightly,  and 

will  be  familiar  with  correct  torque  application  

and  procedures. 

13.  Torque  wrenches  are  precision  instruments  and  are  not 
to  be  used  as 


14.  NEVER  back  off  m  or  with  a 

torque  wrench> 

15.  Don't  use  a  torque  wrench  to  apply  more  force  than  the 
rated   of  the  tool. 

16.  NEVER  use  an  on  the  handle  or  grip  end. 
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17.  Before  storing  the  torque  wrench,  return  the  handle  to  the 
 setting  on  the  shaft. 


18.  Torque  wrenches  should  be   every   

days  or  when  dropped,  and  recalibrated  if  necessary.  " 

19.  Each  time  a  torque  wrench  is  verified,  the   

And  will  be  placed 

on  the  shaft. 

20.  Always  check  the  technical  order  for  correct  torque  values, 
NEVER  RELY  ON  . 

QUESTIONS 

1.      You  multiply  by  12  to  change  -  to 


2.      Convert  780  inch-pounds  to  foot-pounds.  Ans: 


3.      (me  foot-pound  equals    inch-pounds. 

A.      Convert  55  foot-pounds  to  inch-pounds.  Ans:   


5»      The  torque  wrench  releases  when  the  torque 

reaches  the  setting  on  the  wrench. 

6.  Never  recheck   as  this  will  cause 

overtightening. 

7.  Torque  should  be  applied  in  a   

motion.  '   


8.  Correct  torque  application  techniques  and  procedures  are 
called 

"™ — ■■ ^   • 

9.  Torque  wrenches  are  precision  instruments  and  are  not  to 
be  used  as  common  . 

10.      Never  go  beyond  the  action  of  a  torque 

wrench.  ~~ 


11. 

end. 


re  not  to  be  used  on  the  handle  or  grip 


12.  Return  the    to  the  lowest  setting  before 

storing. 

13.  Torque  wrenches  should  be  calibrated  or  verified  every 
-  days  or  when 


14.      What  is  placed  on  the  shaft  of  torque  wrenches  to  indicate 
when  the  next  due  date  is  for  verification  or  calibration? 
Ans :    and 
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15. 


net  torqu*  values. 


will  always  specify  cor- 


A 


16.     Identify  the  three  beeic  parts  of  the  torque  wrench. 


A. 

b. 


c. 
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WORKBOOK 
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Technics!  Training 


Jet  Engine  Mechanic 


SAFETY  DEVICES 


14  August  1979 


CHANUTE  TECHNICAL  TRAINING  CENTER  (ATC) 
3350  Technical  Training  Group 
Chanute  Air  Force  Base,  Illinois 


Designed  for  ATC  Course  Use. 


Do  Not  Use  on  the  Job.  >j/\ 
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Jet  Engine  Branch 
Chanute  AFB,  Illinois 


3ABR42632-WB-104A 


SAFETY  DEVICES 

OBJECTIVES 

When  you  have  completed  this  workbook  and  your  classroom  instruc- 
tion, you  will  be  able  to  identify  safety  devices  used  on  aircraft 
engines. 

EQUIPMENT 

Basis  of  Issue 
3ABR42632-SG-104A,  104C  1/student 

PROCEDURE 

Use  the  information  presented  in  the  classroom  discussion,  study 
guides,  and  aid  from  the  instructor.    Fill  in  the  spaces  provided  with 
the  correct  information. 

Use  the  following  list  of  words  to  complete  item  1. 

external  teeth  keyed         spacer       tab  spring 

internal  teeth  lock  split         tech  order 

1.      Washer 8 

a.      Types  of  washers 

(1)  Plain 

(a)  Used  under   washers  to  prevent 

damage  to  soft  metals. 

(b)  Used  as  a    for  adjustments,  like 

aligning  a  castellated  nut  to  match  a  drilled  hole  in  a  bolt. 

(2)  Lockwashers 

(a)    There  are  many  types  of  lockwashers  but  the 
three  that  are  most  commonly  used  are: 

1 


2 


3 


Supersedes  3ABR42632-WB-102E,  7  June  1978. 
OPR:    3350  TCHTG 
DISTRIBUTION:  X 

3350  TCHTG/TTGU-J  -  2400;  TTVSA  -  1 
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action. 


(b)    Loekvashers  are  used  with  plain  nuts  and  have 


(3)  Special 

(a)    There  are  many  different  shapes  and  varieties 

of  special  washers  and  two  of  the  most  commonly  used  are  the   

and   


(b)    Be  sure  to  check  the 
where  special  washers  can  be  used. 


Use  the  following  list  of  words  to  complete  item  2. 

cotter  pins  quick  release  castle 

2.  Pins 

a.      Types  of  Pins 


to  see 


(1) 


are  used  to  secure  such  items  as 


nuts,  bolts,  screws,  pins,  and  shafts.  Cotter  pins  are  used  with 
drilled  shank  bolts,  studs,  and    nuts. 


(2) 


pins  are  used  where  rapid  removal 


is  necessary.     (Example:    Jet  engine  maintenance  stands.) 

Use  the  following  list  of  words  and  numbers  to  complete  item  3. 


2 
3 
4 
6 

24 

across  the  head 
aluminum 
annealed 
around  the  head 


confused 

copper 

cut 

dikes 

duckbills 

end 

FOD 

geometrical 
hardware 


jewelry  tech  order 

lug  tighten 

mutilated  together 

overs tressed  tools 

per  inch  torque 


size 
size 
strand 
strip 


twist 
twist 
wire 
zinc 


3.      Safety  Wire  (Lockwire) 


a.  Safety  wire  is  used  to  secure  aircraft 
that  has  no  other  locking  device. 

b.  Types  of  lockwire. 


(i) 


coated,  soft  steel  wire  is  used  on 


drilled  head  bolts,  fillister  screws,  snap  rings,  and  other  similar 
items. 


ERJC 


234 


l1 


(2)    corrosion-resistant  steel  wire  is  used 

in  the  hot  section  of  the  engine.    Most  widely  used  type. 

(3)    or   wire  is  very  thin  and  is 

used  as  a  seal  to  secure  such  things  as  safety  switches  and  fire 
extinguishers. 

Note:    Steel  and  aluminum  wire  should  not  be   . 

c.      Two  methods  of  safety  wiring. 

(1)  Double   methods. 

(a)  There  are   ways  of  doing  the 

double  twist  method. 

(b)  The  two  ways  are: 

1  ,  where 

the  wire  is  wrapped  around  the  head  of  the  bolt  or  screw. 

2  ,  where  the 

wire  is  laid  over  the  head  of  the  bolt  or  screw. 

(2)  Single   method. 

(a)    Use  single  strand  only  where  specified  in  the 


plugs. 


(b)    Bolts  are  usually  in  a    pattern. 

d.      Lockwiring  electrical  coupling  nuts  (cannon  plugs). 

(1)  Properly    cannon  plugs. 

(2)  Use  double   method  for  lockwiring  cannon 

(a)    Cannon  plugs  can  be  lockwired  to  a  wire 


(b)    Two  cannon  plugs  can  be  lockwired 


(3)    Be  careful  not  to    out  lockwire  hole 


in  cannon  plug, 


(4)    Check  tech  order  for  proper  lockwire 
procedures  and  illustrations. 

e.      Lockwire  procedure. 

(1)    Remove  all   . 


4  235" 


(2)    Select  proper  Cools  -  they  are    and 
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(3)  Maximum  or  units  wired  together* 

(4)  Maximum  span  of  lockwire  between  tension  points 
is                      inches . 

(5)  Wire  length  not  to  exceed   inches, 

(6)  Check  tech  order  for  proper  wire  . 

(7)  Lockwire  must  not  be  nicked,  kinked,  or   


wire  only. 


the  bolts. 


(8)  Duckbills  to  be  used  on  the    of  the 

(9)  Lockwire  must  tend  to    at  all  times. 

(10)  Wire  must  be  tight  but  not   . 

(11)  7  to  10  twists  between 


(12)  Pigtail  should  have  at  least  full  turns 

and  bent  down  or  under. 

(13)  Place  hand  over   when  cutting. 

(14)  Always    lockwire,  never  twist  off. 

(15)  Place    in  proper  container. 

(16)  Replace    in  tool  box. 

REVIEW  QUESTIONS 

1.      The  three  types  of  washers  are   ,   ,  and 


2.  Plain  washers  are  used  under  washers  to  prevent 

damage  to  soft  metals. 

3.   washers  may  be  used  as  spacers  for  adjustments 

when  necessary. 

4.  washers  use  spring  action  as  its  locking  feature. 

5.  Ivo  types  of  special  washers  are    and   . 

6.  Quick  release  pins  are  used  where  is 

necessary. 

5 
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7#  pins  are  used  to  secure  such  items  as  bolts, 

nuts,  screws,  pins,  and  shafts. 

g#    is  used  to  secure  hardware  items  that  have  no 

other  locking  device. 

9.     List  the  three  types  of  lockwire. 

a.   ,   _ 

b.   ,  


10*     The  two  methods  of  lockwiring  are  

and  .  • 

11.  Two  ways  of  doing  the  double  twist  method  is  

and  

12.  The  method  is  used  only  where 

specified  in  the  tech  order. 

13.  Use  the  double  twist  method  for  lockwiring   plugs. 

14.  Cannon  plugs  may  be  lockwired   or  to  a  wire  


15.  Be  very  careful  when  lockwiring  cannon  plugs  as  not  to  strip  out 

the  lockwire  . 

16.  A  maximum  of   units  should  be  lockwired  together. 

17.  Lockwire  must  not  be   ,   »  or  * 

18.  Lockwire  should  be  tight  but  not  • 

19.  The  maximum  length  of  safety  wire  you  can  use  is    inches. 

20.  Seven  to  ten  ls  the 

desired  number  of  twists  between  the  bolts. 

21.  Steel  and   wire  look  very  much  alike  and  should  not 

be  confused. 

22.  Always  check  the   .   to  find  out  what 

size  lockwire  the  job  requires. 

P3 #  wire  is  sometimes  used  instead  of  copper  wire  for 

safetying  fire  extinguishers,  first  aid  kits,  and  other  emergency 
equipment. 
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24.  Care  should  be  taken  not  to  confuse 
wire. 


with  aluminum 


25.  Maximum 
6  inches* 

26.  Always  _ 


of  lockvire  between  tension  points  is 


lockwire,  never  twist  off. 


27. 


should  have  at  least  3  full  turns  and 


down  or  under. 

28.  Place  your 

29.  Remove  all 


over  the  lockwire  when  cutting, 
before  starting  to  work. 


30.     The  proper  pilars  to  use  for  lockwiring  is  the 


and 


31.     Lockwire  must 


to 


at  all  times. 


32. 
only. 


pliers  should  be  used  on  the  end  of  the  wire 


33.      Place  FOD  in  proper 
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Use  the  following  list  of  words  to  identify  figures  1  through  12. 


around  the  head 
across  ^ie  head 

cati*t$tn  m 
double  twist  method 
internal  teeth 


keyed  washer 
external  teeth 
plain  washer 
quick  release  pin 


single  strand  method 
split  washer 
spool  of  lockwire 
tab  washer 


p 


Figure  1. 


Figure  2. 


Figure  3. 
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Jet  Engine  Branch 
Chanute  AFB,  Illinois 


3ABRA2632-WB-104B 
3ABRA2633-WB-104B 
7  April  1980 


AIRCRAFT  AND  ENGINE  HARDWARE 

OBJECTIVES 

When  you  have  completed  this  workbook  and  your  classroom 
Instruction,  you  will  be  able  to  Identify  and  state  the  purpose 
of  selected  hardware  items. 

EQUIPMENT 

Basis  of  Issue 
3ABRA2632-SG-104A/3ABR42633-SG-104A  1/scudent 

PROCEDURE 

Use  the  Information  presented  In  the  classroom  presentation, 
discussion,  study  guide,  and  aid  from  the  instructor.    Fill  in  the 
spaces  provided  with  the  correct  information. 

1.  Screws 

a.     A  screw  has  a  lower  material  strength  than  a 


b.  Ganerally  speaking  if  you  can  use  a   

or  Allen  wrench  on  it,  its  called  a  screw. 

c.  Four  main  groups  of  screws 

(1)   -  Found  in  the  framework  of 

the  aircraft. 

(2)   -  Used  where  high  material 

strength  is  not  important. 

(3)   -  Cut  their  own  threads  in 

the  material. 

(A)   -  Used  to  hold  pulleys  or 

gears  on  shafts. 


Supersedes  3ABR43230-WB-102F,  1  November  1972. 
OPR:    3350  TCHTG 
DISTRIBUTION:  X 

3350  TCHTG/TTGU-J  -  3,300;  TTVSA  -  1 

Designed  for  ATC  Course  Use.    Do  Not  Use  on  the  Job. 
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2.  Bolts 

a.     Bolts  are  stronger  than 


b.  Available  In  many  special  designs  as  veil  as 
  shapes  and  designs. 


c.     Types  of  bolts  used 
(1)   


Used  throughout  the  aircraft  frame  and  engine. 


(2) 


The  wrench  goes  inside  the  head  of  the  bolt. 


(3) 


Fits  the  hole  very  tightly  and  used  where  there  is  vibration  or 
load  reversals. 


(4) 


Made  for  special  applications. 

d.  When  removing  and  replacing  bolts  it  is  Important 
that  you  use  _   holts, 

e.  Identification  markings 

(1)    Bolt 8  are  marked  with  a  code  to  identify  their 


physical 


(2)    Some  exampleo  of  markings  on  bolts  are: 

(a)  +  

(b)  -  

(c)  


(3)    Many  bolts  are  marked  with  

which  Indicates  specific  metals  and  alloys. 


f.     Bolt  size  is  determined  by: 

(1)   

(2)   

(3)  
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3.  Nuts 

a.     Hut*  are  used  to  properly  the 

bolted  assembly. 

be      Identification  markings  on  nuts  are  the  same  as 


value. 


c.     Tightening  of  nuts  and  bolts 

(1)    Check  the  specific  TO  for  proper 


(2)    Always  use  proper  procedures 

when  tightening  nuts  and  bolts. 

4.  Studs 

a.  Studs  are  used  to  removable  parts 

to  castings  made  of  soft  metals. 

b.  Types  of  studs  used  are: 

a)   

(2)  

c.  Studs  can  be  or  on 

the  nut  efcd. 

5<  Hoses 

a.  Hoses  are  used  for  making   that 

wove  or  subject  to  vibration. 

b.  Hoses  will   so  the  movement  will 

not  do  any  harm. 

6.  Tubing 

a.     Tubing  is  used  to  carry  and 


b.      Types  of  tubing 

(1)  -  Used  in 

high  pressure  systems. 

(2)  -  Used  in 

low  pressure  systems. 


32<12 


c.     Color  coding  for  tubing 

(1)  Color  coding  on  tubing  aids  In   

Identification. 

(2)  Most  common  colors  used  are: 

(a)  Red  -  

(b)  Yellow  -  

(c)  Blue  &  Yellow  -   

(d)  Red  -  Grey  -  Red  -  

REVIEW  QUESTIONS 

1.  Name  the  four  main  groups  of  screws 

2.  Which  type  of  screw  Is  used  to  secure  a  pulley  to  a 
shaft? 

3.  A  sheetmetal  screw  is  an  example  of  a   

 screw. 

4.  If  you  can  use  a  screwdriver  or  an  —  

  on  the  head,  its  generally  called  a  screw. 

5.  Name  the  four  types  of  bolts. 


6.   have  a  higher  material  strength  than 

a  screw. 

7.  Which  type  of  bolt  is  used  where  there  is  vibration  or 
load  reversals? 

8.  When  you  remove  and  replace  a  bolt  make  sure  the 
replacement  bolt  is  a  like  . 

9.  Allen  wrenches  are  used  on   

bolts. 

10.  Steel  alloy  bolts  are  marked  with  a  . 

11.  Aluminum  alloy  bolts  are  marked  with  a   , 

4 
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12.     Corrosion  resistant  steel  bolts  are  marked  with  a 


13*  Tha  size  of  a  bolt  is  determined  by  the 
 *  and  


14.     Always  check  the  TO  for  proper  _  value 

on  nuts  and  bolts* 

15*     Two  types  of  studs  used  on  engines  are  

and  . 

16.     Connections  that  move  or  subject  to  vibration  are  joined 
by  . 

17 •     Two  types  of  tubing  used  is   

and  • 

18.  Color  coding  on  tubing  is  used  for  rapid  , 

19.  Red  color  coding  designates  lines. 

20.  Blue  and  yellow  color  coding  designates  

lines. 


5 
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SECTION  1 


PROCEDURE 

Using  the  information  presented  in  the  classroom  presentation, 
discussion,  study  guide,  and  aid  from  the  instructor,  fill  in  the 
spaces  provided  with  the  correct  information. 

Choose  from  these  words  and  figures  to  complete  items  1  through  3. 

anvil        depth         inside         spindle         0 .0001 
b  arrel       frame         outs  ide       thimb le         0 .001 

1.  Micrometers  are  used  to  measure  tolerances  within  m  

of  an  inch;  with  a  vernier  scale  it  will  measure  within   

of  an  inch* 

2.  Three  basic  types  of  micrometers  are: 

a#    -  Measures  inside  diameters. 

b#  -  Measures  the  depth  of  a  hole  or 


recess . 


-  Measures  outside  diameters 


3.      Parts  of  the  OUTSIDE  micrometer, 
a.  C-shaped  


l>^  and  material  is  measured  between 

these  two  parts . 

c#      jhe    is  divided  into  10  equal 

main  divisions . 

d.      The  beveled  edge  of  the  is  divided 

into  25  equal  divisions. 
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Choose  from  these  words  to  complete  item  4. 

barrel        base         ratchet         spindles  thimble 

4,      Parts  of  the  DEPTH  micrometer. 

a.  The  flat  surface  is  called  the  9  which 

is  a  measuring  surface. 

b.  Several  extensions  of  various  lengths  are  called 


c  The  is  divided  into  10  equal  main 

divisions  • 

d.  The  beveled  edge  of  the    is  divided 

into  25  equal  divisions. 

e*      The    is  used  to  control  the  correct 

amount  of  contact  pressure. 

5.      Reading  the  OUTSIDE  micrometer. 

a.  Barrel. 

(1)  The  barrel  is  divided  into    equal  main 

divisions.    Each  of  the  main  divisions  on  the  barrel  equals 

of  an  inch.  " 

(2)  Each  main  division  is  divided  into    equal 

subdivisions.    Each  subdivisions  equals    of  an  inch. 

b.  Thimble. 

(1)  The  beveled  edge  of  the  thimble  is  divided  into 

 equal  divisions.     Each  of  these  divisions  equals   

of  an  inch. 

(2)  One  complete  turn  of  the  thimble  would  equal 
 of  an  inch. 


4 
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Final  Reading  (using  the  example  below)  . 

7TT 


0  t    7    3  z 


15 


Figura  8. 

(1)  The  number  of  main  divisions  shown  on  the  barrel 
is   »  which  equals    of  an  inch, 

(2)  The  number  of  subdivisions  after  the  number  3  is 
 _>  which  equals  of  an  inch. 

(3)  The  number  of  divisions  shown  on  the  thimble  is 
 ,  which  equals    of  an  inch. 

(4)  Now  ADD  these  three  readings  together  and  your 
answer  is    of  an  inch. 

6.      Reading  the  DEPTH  Micrometer, 

a.  The  barrel  and  thimble  on  the  depth  micrometer  is  marked 
the  same  way  as  the  outside  micrometer.    The  only  difference  is  that 
the  numbers  are  in  reverse  order.    That  is,  instead  of  the  numbers 

on  the  barrel  going  01234567890,  they  are  09876543 
2  10. 

b.  For  a  quick  review,  let's  go  over  them  again. 

(1)  The  barrel  is  divided  into    equal  main 

divisions.    Each  main  division  equals    of  an  inch. 

(2)  Each  main  division  on  the  barrel  is  divided  into 

  equal  subdivisions.    Each  subdivision  equals    of 

an  inch.  ~~ 

(3)  The  beveled  edge  of  the  thimble  is  divided  into 
  equal  divisions.      Each  of  theae  divisions  equals   


of  an  inch. 

(4)    One  complete  turn  of  the  thimble  would  equal 
  of  an  inch. 


2VJ 


c.     Final  Reading  (using  the  example  below)  . 
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1.1592 

Figure  9. 

(1)  The  number  of  main  divisions  that  are  covered  by 
the  thimble  is   ,  which  equals    of  an  inch. 

(2)  The  number  of  subdivisions  covered  by  the  thimble 
is   ,  which  equals  of  an  inch. 


(3)  The  number  of  divisions  shown  on  the  thimble  is 
 ,  which  equals    of  an  inch. 

(A)  Now  ADD  these  three  readings  together,  and  your 
answer  is  of  an  inch. 


Choose  from  these  words  to  complete  item  7. 

anvil         damage         hands  spindle 

box  damaged       micrometer  spindles 

clean         dropped       precision     .  tension 


year 

anvil 

spindle 


7,      Use  and  Care  of  the  Micrometer. 

a*      Keep    and  lightly  oiled. 


Clean  your 


before  using  the 


to  keep  dirt  and  perspiration  off  the  instrument. 

c.      Store  in  a  to  prevent 

the  micrometer. 


to 


Store  the  OUTSIDE  idxrometer  with  a  space  between  the 
and    to  prevent  corrosion  between  the 


two  parts. 


Hold  correctly  and  apply  only  a  slight 


on 


the  thimble. 

f.      When  using  the  outside  micrometer,  the 
  should  be  wiped  clean  before  each  use. 


and 


6 
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g*     A  micrometer  should  NEVER  be  used  as  a  C-clamp,  as 

the  frame  and  screw  could  be  by  the  pressure. 

h.      The  depth  micrometer  has  Interchangeable  lengths  called 


!•     Calibrate  every   or  when 


j#     Micrometers  are  one  of  the  most  accurate  measuring  instru- 
ments and  should  be  treated  as    instruments. 

REVIEW  QUESTIONS 

1.      Most  micrometers  will  measure  tolerances  within 
of  an  inch* 


2.  Micrometers  that  have  vernier  scales  will  measure  within 
 of  an  inch. 


The   micrometer  is  used  to  measure  outside  diameters, 

4.      To  measure  the  cylinder  walls  in  your  automobile  you  would 

use  an  micrometer. 

5-      The  .   micrometer  uses  interchangeable  spindle 

lengths  • 

6.      Measurements  are  taken  between  the    and 

on  the  outside  micrometer. 


7.      Readings  are  taken  from  the    and 


8.  The  flat  surface  or  base  on  the  depth  micrometer  is  the 
  surface. 


9.      The  distance  between  each   division  on  the 

barrel  of  the  micrometer  is  0.100  of  an  inch. 

10.      Each  main  division  on  the  barrel  is  divided  into  four  equal 


11.      Each  subdivision  on  the  barrel  equals  ^   of  an  inch. 
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12.      One  complete  turn  of  the  equals  0.025  of  an 

inch. 

13*      Micrometers  can  only  measure  a  maximum  of   

Inch. 

14.  A  piece  of  stock  5*1/2  inches  in  diameter  would  have  to  be 
measured  by  a   to    inch  outside  micrometer, 

15*      Using  the  dollar  and  cent  system,  how  many  quarters  would 
It  take  to  make  up  one  main  division  on  the  barrel?  Answer:   


16 .  Using  the  dollar  and  cent  system,  how  many  pennies  are  there 
on  the  thimble?  Answer:   

17.  The  best  way  to  keep  a  micrometer  clean  is  to  not  allow  it 
to  get  . 

18.  One  way  to  ruin  a  micrometer  is  to  use  it  as  a   

-clamp. 

19.  Micrometers  should  be  calibrated  every    or  when 


20.  How  many  turns  of  the  thimble  would  it  take  to  move  the 
apindle  1/2  inch?  Answer:   


8 


Mb 


22.      Identify  the  five  basic  parts  of  the  outside  micrometer. 


A 
B 

C 
D 
E 


23.  Provide  the  readings  for  each  of  the  following  micrometer 
settings . 


OUTSIDE  MICROMETERS 


i  r  z 


•    1    2   3  4 


•  12)4$ 


21 
IS 


DEPTH  MICROMETERS 


f 

1 

1  1 

at 

1 

0      I      I      7     I  $ 

1 1 1 1  1 1 1 1  1 1 1 1 1 1 1 1 


11  ^ 

5  W 

•  »  •  c 


1     1      7     1     J  < 

lll>|lll|lhll|llll.|.|.|l 
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SECTION  2 


PROCEDURE 


Determine  the  correct  reading  in  each  case  and  enter  the  answer  in 
the  appropriate  numbered  space  under  the  heading  "Micrometer  Readings 


© 
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SECTION  3 


PROCEDURE 


1.     Determine  the  correct  reading  In  each  case  and  enter  the 
answer  in  the  appropriate  space  under  each  reading. 


® 

O     I     *    t     ♦    •  • 
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© 
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TECHNICAL  FUNDAMENTALS  OF  TURBOJET  ENGINES 
(Jet  Engine  Operating  Principle*) 


INTRODUCTION 

During  the  next  two  day*  you  are  going  to  learn  how  a  jet  engine  develop*  it* 
pow*r.    You  are.also.going  to  learn  how  it  i*  constructed  and  will  be  able  to 
de*crib*  the  purpose*  of  it*  subassemblies  and  parts.   This  study  guide  will  pre- 
pare you  for  this  instruction  by  showing  the  basic  design  of  turbojet  engines  and 
the  fundamentals  of  their  operation. 

PROCEDURE 

This  is  an  unusual  study  guide.   It  is  made  up  of  many  gmall  steps  called 
FRAMES.    Each  frame  contains  a  statement  with  one  or  more  words  omitted.  Your 
job  is  to  write  in  the  missing  words.   Many  of  the  frames  contain  drawings  which 
you  should  study  before  writing  in  the  words  that  have  been  omitted.  Study 
FRAME  1  below  and  write  in  the  missing  word. 


FRAME  1 
FRONT 


-REAR 


A  JET  ENGINE  TAKES  IN  AIR  AT  THE  FRONT  AND  SHOOTS  HOT  EXHAUST 
GASES  OUT  THE 


You  wrote  the  word  "rear,''  didn't  you?  The  correct  words  are  always  shown 
on  the  back  of  the  page.    Look  at  the  TOP  of  the  back  of  this  page. 


Supersedes  3ABR43131E-?T-118,  A  March  1976. 
OPR:    3350  TCHTG 
DISTRIBUTION:  X 
V  3350  TCHTG/TTGU-J  -  ?.,A00;  TTVSA 
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#3 


1A 


REAR 

|  Now  go  on  to   FRAME  2 

There  is  your  answer. 

right  over  there   


IGNORE  EVERYTHING  BELOW  THIS  LINE  

01   3WVUd  01  MOUHV  MOTIOd  ONV  X008  WHOA  NUfU 


FRAME  70 


(2) 
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FRAME  2  ~~ 


HOT  EXHAUST  GASES 


All  jet  engines  force  hot   out  the 

LOOK  AT  THE  TOP  OF  THE  BACK  SIDE  OF  THIS  PAGE  TO  SEE  IF  YOU 
WROTE  THE  RIGHT  WORDS. 

 IGNORE  EVERYTHING  BELOW  THIS  LINE. 

V69 

FRAME  70 


The  thrust  of  a  turbojet  depends  on  how  fast  the  exhaust  gases  are 

accelerated.     Thrust,  also,  depends  on  the  amount  of  drawn 

in  by  the 


(3) 
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2A 

EXHAUST  GASES 
REAR 

If  you  were  right,  go  on.  If  you  miaaed  the  answer  go  back  and  write  in  the 
right  words. 

FRAME  3   


IGNORE  EVERYTHING  BELOW  THIS  LINE 


V***  XD3  uinuipceui  u^/a  »ut8u»  »q3  o}  «8irep  ou  si  ajaqj,  £J  'o 

•JSHjqj  »S<B»JOUT  Uidj  JO^OJ  ui  as-eajoui  uy  1 — 7 

.  _____   69  3WVMd 

70A 

Air 

Compressor 


(4) 
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as 6 


FRAME  3 


When  a  jet  aircraft  flies  over,  you  can  hear  the  hot 


being  forced  out  the   of  the  jet  engine. 


•O3Hin03tf  3SNOdS3H  ON 

V89 


FRAME  71 


The  two  engine  factors  that  affect  thrust  are  EGT  and  rpm. 

O  True 
O  False 


(5) 
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y 

3A 

EXHAUST  GASES 

REAR 

Let's  see  what  causes  jet  engines  to  shoot  hot  exhaust  gases  out  the  rear. 

FRAME  4  ► 

•p»8«uiBp  A|snoxjas  aq  p^noAV  aui8ua  aq}  uituiitxbui  siq}  puoAag 

0 

ttam  ui23  sjo;oj  aq;  }^q}  uida  aq}  0}  'aaAay^oq  *}miTT  uinunxwi  b  si 

aaaqX    midj  000  '6  U12H5  ajoui  uan;  sjo}oj  auiqart}  pu-e  aossaaduioo  auios 

89  3WVHd 

i 

{ 

1 

71A 

True 

( 

f 

r 

(6) 

I 

t 
I 
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FRAME  4 


When  air  is  heated,  it  instantly  expands  in  all  directions. 


AIR 

AFTER  IT 
IS  HEATED 


The  air  at  the  right  was  expanded  by 


•a3HIflD3H  3SNOdS3H  ON 

Vi.9 


FRAME  72 

This  is  a  cubic  yard  of  thin  air. 
This  is  a  cubic  yard  of  thick  (dense)  air. 


B 


Which  would  be  heavier? 


(7) 
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J- 


HEAT 


FRAME  5 


•ami         -iojoj  Josesjdxxioo  9^  jsjbhj  9q?  'psuanq  gt  jeqj  janj  »joui 
jqi    'aoxisnquioo  sjoui  joj  |»nj  jo  junoune  sqj  8utB«9join  Aq  p»««8aoin  »q 
mo  999*9  ismrqxs  sqj  jo  sojoj    'sspi^q  sutqanj  sq}  auT^jjs  898*8  j«n«qx» 
»M1  jo  XjToo|9A  puie  aoaoj  »qj  uo  spuadsp  jojoj  sinqan*  »qj  jo  JSMod  sqj, 

Z9  awvyj 


72A 


(8) 


ERIC 


2S7 


<2C0 
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,  it  expands  in  all 


arnqjcnj, 

V99 


5A 


HEATED 
DIRECTIONS 


»MJ  Xq  ,?  o%  panddv  z»Avod  9tn  uo  spuadap  uxda  ao^oa  aossaadwoo 


99  awvad 


73A 


Dense 


(10) 


ERIC 


The  weight  of  a  volume  of  air  depends  on  its  density.  One  cubic  foot  of  air 
may  weigh  more  than  another  cubic  foot  of  air  depending  on  its 


(11) 


270 


6A 


HCATEO 

FORCE 

DIRECTIONS 


ui        d  j 


„  "uida,,  uotjBTASjqqB  sip  joj  spJOM  3i|)  ajtjyvV 
*(uida)  9)tiutui  aad  «uopnjoA»j  xxx  psanscsui  si  jo}oj  JoessaduiOD  b  jo  pssds  »qx 

59  3HVad 


74A 


Density 


(12) 
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FRAME  75 


The  weight  of  a  volume  of  air  depends  on  its 


(13) 
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EQUAL 


aotnaaduioo  atfl  *»;»*J  »HX    'poi-iad  puooaa-t  «  tnqjtM  suiSus  u«  o;ut  jt« 

jo  jaaj  Diqto  000*2  U*H'  w««  aa^oj  tneo  sjos«»Jduio3  ataos  'paads  do;  jy  ^ 


75A 


DENSITY 


(14) 

f  ) 
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FRAME  8 


0«  way  t.  h«.  air  i.  to  mi*  a  little  lu.l  with  it  and  light  a  match  ,o  it. 

7                                                     d  w  11  burn  very  hot. 

The  fuel  in  the  mixture  of  »n  - 


•03>nnD3H  3SNOdS3H  OH 


V€9 


FRAME  76 


A  compressor  turning  at  a  certain  rpm  will  always  draw  in  the  same 
volume  of  air.    However,  the  weight  of  the  air  at  a  certain  rPm  will 
depend  on  the  °£  the  air" 


(15) 


8A 


FUEL-  AND  AIR 


A*/*  aaqjou*  ^oof  «n  jaq  •uoijsnquzoo  jo  }«aq  aaoui  Aq  sa*c8  jgn^qxa  jo 
uop?a»]»33«  atiaaDur  o}  «t  }«tuq}  a««ai3tn  oj  /«m  auo  }«qi  paui«x  »A«q  no  A 


£9  awvaj 


76A 

DENSITY 


(16) 


FRAME  9 

Thii  is  Joe  Blow  lighting  a  match  to  a  car's  fuel  tank. 


Joe  was  blown  sky  high  because  the  heat  caused  th-  fuel/air  mixture  to 
suddenly  expand  and  exert  a   in  all  directions. 


aaovwva 

VZ9 

FRAME  77 


Engine  A  is  operating  in  air  that  is  more  dense  than  engine  B:  therefore, 
engine   A  will  have  thrust. 


(17) 


9A 

'      )  ; 

FORCE 

»q  1X1 M  aoxSua  aqj  'H8?H  00j  auiooaq  oj  paAvon*  si  j,03  JI 

77A 

MORE 

• 

(18) 

ERJC 

277 

f  > 

• 

210 


FRAME  10 

This  jet  engine  has 
air  inside. 


This  engine  has  air 
and  fuel  inside. 


This  engine  has  air, 
fuel  and  a  spark  plug 


Now,  if  someone  will  fire  that  spark  plug,  we  should  have  some  fast  activity. 
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A  turbojet  engine  operating  in  dense  air  will  have 

(more)  (less) 

thrust  than  one  operating  in  less  dense  air. 
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NO  RESPONSE  REQUIRED. 
GO  ON  TO  THE  NEXT  FRAME. 
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FRONT 


The  fuel  in  the  mixture  of  and  was  ignited  and 

the  sudden  heat  expansion  caused  a  strong  in  all  directions. 
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The  greater  the  air  density,  the  

turbojet  will  develop. 

Let  us  see  what  makes  air  more  or  less  dense. 
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When  air  is  heated,  it  spreads  out  and  becomes  dense. 
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If  the  force  toward  the  rear  is  1,000  pounds,  then  the  force  toward  the  front 
s 
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If  air  becomes  less  dense  when  it  is  heated,  it  will  become 
 when  it  is  cooled. 
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Q  FRAME  14 


The  forces  toward  the  front  and  rear  of  a  jet  engine  are 
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Cold 


air  is 


(more) 


dense  than  warm  air. 


(less) 
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The  forward  and  rearward  expansion  forces  are  equal,  but  the  force  coward  the 

front  is  pushing  against  the  engine,  while  the   toward  the 

(iS|  is  not)  pushing  against  the  engine. 
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Since  cold  air  is  more  dense  than  warm  air,  a  furbojet  will  develop  more 
thrust  in   air  than  in  air. 
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FRAME  16 

If  the  expanding  force  toward  the  rear  does  not  push  against  the  engine,  what 
does  it  push  against? 


According  to  the  above  drawing  the  rearward  force  is  against 


VSS 

FRAME  84 

A  jet  engine  operating  on  a  cold  clay  would  have  thrust 
than  when  operating  on  a  warm  clay. 

Let  us  look  at  another  factor  that  effects  air  density. 
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FRAME  17 

Now,  wait  a  minute!  !  It  doesn't  take  much  force  to  move  air--or  does  it? 
Let's  try  an  experiment. 

1.  Set  your  lips  as  if  you  were  going  to  say  the  word  "when.  " 

2.  Gently  exhaie.    Note  that  very  little  force  was  required  to  push  the 
air  out. 

3.  Set  your  lips  again,  inhale  and  blow  out  the  air  as  fast  as  possible. 
Note  that  this  time  you  exerted  much  more  force. 
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AIR 


SAME  AIR 
UNDER  PRESSURE 


A  B 

Pressure  has  caused  the  air  particles  in  B  to  be  squeezed  togethe  r.  Air 
becomes  more  dense  when  it  is  under 
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NO  RESPONSE  REQUIRED. 
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PRESSURE 
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FRAME  18 


When  you  blew  the  first  time  you  probably  accelerated  the  air  from  zero  to  about 

2  feet  per  second.    The  next  time  you  blew,  you  probably  accelerated  the  air 

to  about  8  feet  per  second.    In  the  second  case   force  was 

(more)  (less) 

required  to  the  air. 
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AIR  PRESSURE  IN  THE  ATMOSPHERE 

The  lower  the  altitude  the  more  pressure  there  will  be  on  the  air;  therefore, 

at  low  altitude  the  air  is   dense. 
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A  jet  engine  can  accelerate  air  to  over  2,  000  feet  per  second.  This  requires 
a  tremendous 
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The  higher  the  altitude  the    dense  air  bec0mes. 
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FRAME  20 


A  jet  engine  does  not  actually  accelerate  pure  ai,  Ga8es  from  the  fuel  that 
burned  will  be  mixed  with  the  air.    We  call  the  mixture  exhaust  gases. 
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At  low  altitude  a  turbojet  will  develop 


^  high  altitude  because  the  air  it 
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thrust  than 


de 


nse. 


NOIXVXN3WOflV 
-ISflHHl 


(39) 


297 


V6II 


20A 


88A 


9 

ERIC 


NO  RESPONSE  REQUIRED. 


^jojoj  auiqanj  »qj  uanj  oj  uiojj  atuoa  J»/Aod  »qj  saop  »J»t|M 

 is  awvgd 

MORE 
MORE 


"p»jI*D  si  jaujnqjay*  we  jo  asn  Xq  jsruqj  8uis*3jduj 


 611  awvad 

(40) 


298 


f 


FRAME  21 


FRONT 


:at 
■expansion 


EXHAUST 
GASES  = 


In  the  above  engine,  suppose  I,  200  pound,  of  force  is  exerted  toward  the 
front  of  the  engine.    How  many  pounds  of  force  will  be  exerted  toward  the 
rear  of  the  engine? 
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At  high  altitude,  a  turbojet  will  have 


(more) 


thrust 


(less) 
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FRAME  22 

Let's  aet  an  engine  on  wheels  and  see  what  happens. 


FORWARD 


EXHAUST: 
,w     GASES  - 


When  the  engine  is  fired,  the  exhaust  gases  go  rearward  and  the 
goes  
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Weather  affects  atmospheric  pressure.    Normally,  the  pressure  at  sea  level 
is  29.  92  inches  of  mercury.    If  sea  level  pressure  increases  to  30.  00  a 
turbojet  will  have 
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When  fired,  this  engine  will  have  a  forward  pushing  force  called  thrust. 
This  particular  engine  has  1,000  pounds  of 


SnOflNUNOO 
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The  thrust  of  a  turbojet  will  vary  with  sea  level  pressure.  If  the  pressu 
drops  below  normal,  a  turbojet  will  have 

There  is  another  factor  which  affects  thrust.    Let's  see  what  it  is. 
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THRUST 
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It  is  estimated  1,000  pounds  of  thrust  is  enough  to  push  3  cars.  Some  jet 
engines  have  as  much  as  20,000  of 
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You  would  think  that  air  containing  water  vapor  would  be  heavier  than  dry 
air.    The  opposite  is  true.    Water  in  a  vapor  form  is  lighter  than  other 
particles  of  air;  therefore,  humid  air  is  actually  lighter  than  dry  air  at  the 
same  pressure.    When  air  is  humid,  a  turbojet  will  develop  thrust. 
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POUNDS  OF  THRUST 
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FRAME  25 

Automobile  engines  are  rated  in  horsepower  but  jet  engines  are  rated  in 

  of 
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When  the  atmosphere  is  humid,  a  turbojet  will  develop 
thrust. 
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Jet  engines  develop  thrust  from  the  force  of  rapidly  expanding 
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Let's  review  atmospheric  factors  which  affect  thrust.    Think  carefully  now. 
a.     A  turbojet  has  more  thrust  when  the  air  is 


(cold) 


(warm) 


b.     A  turbojet    has  more  thrust  at 
altitude. 


altitude  than  at 


c.     A  turbojet  has  more  tnrust  when  the  atmosph 
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FRAME  27  — " 
Inside  a  jet  engine,  expanding  gases  exert  equal_  in  aa  ** 


FRAME  95 

Be  careful  now!     Don't  get  confused. 

a.  A  turbojet  has  less  thrust  on  a  day. 

(rold)  (warm) 

b.  A  turbojet  has  less  thrust  at   altitude  than  at 


altitude. 


c.    A  turbojet  has  less  thrust  when  the  atmosphere 

humid. 


(is)         (is  not) 
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FRAME  28 


V  Ths  forward  force  of  expanding  gases  is  against  the 


FRAME  96 


The  forward  force  of  expanding  gases  is  against  the  . 

Let's  think  about  how  much  fuel  a  jet  engine  will  bur*.    Only  about  one  fifth 
of  the  air  that  enters  a  turbojet  is  used  to  burn  the  fuel.    If  all  the  air  were 
used  there  would  be  so  much  heat  that  the  engine  would  burn  up  in  a  matter 
of  secondi.    The  unused  air  mixes  with  the  results  of  fuel  combustion  before 
it  reaches  the  turbine  rotor  and  prevents  overheating  of  the  engine. 
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Here  is  how  a  jet  engine  develops  thrust* 

a.  The  fuel  in  a  mixture  of  and  is  ignited  by 

spark  plug. 

b.  There  is  a  sudden  terrific  expansion  of  the  mixture  due  to  . 

c.  The  forward  and  rearward  expansion  forces  are  . 

(equal)  (unequal) 

d.  The  forward  force  pushes  against  the  . 

e.  The  power  of  a  jet  engine  is  rated  in  of 
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Only  about  one  fifth  of  the  air  that  enters  a  turbojet  is  used.    If  an  engine 

takes  in  150  pounds  of  air  per  second  only  pounds  would  be 

used  for  combustion. 
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a.  fuel  and  air 

b.  heat 

c.  equal 

d.  engine 

e.  pounds  of  thrust 
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Combustion  is  another  name  for  burning.    When  we  ignite  the  fuel  in  a  fuel/air 
mixture,   or  burning  occurs. 
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For  proper  combustion,  about  1  pound  of  fuel  is  mixed  with  each  15  pounds 
of  air.    If  an  engine  takes  in  150  pounds  of  air  per  second,  it  would  use  about 
30  pounds  of  air.    How  much  fuel  would  be  mixed  with  the  30  pounds  of  air  to 
get  proper  combustion?    pounds. 
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The  fuel  in  a  fuel /air  mixture  is  very  combustible,  but  it  must  be  ignited 
for  burning  for  to  occur. 
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The  greater  the  mass  of  air  drawn  into  an  engine,  the 

fuel  will  be  used.  On  a  cold  day  a  turbojet  will  use  (m°re)  ^foll 
and  will  develop  thrust. 
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COMBUSTION 
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If  the  fuel  in  a  fuel/air  mixture  is  ignited,  will  occur. 
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At  high  altitude  a  turbojet  has  air  to  use  so  it  will  use 

fuel. 
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FUEL 


HIGH  VELOCITY   /  EXTREMELY, 

HIGH  VELOCITY 

An  afterburner  gives  added  acceleration  to  the  exhaust  gases.    The  more  the 
exhaust  gases  in  an  engine  are  accelerated,  the 
thrust  will  be  developed. 


(more) 
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TURBINE 
WHEEL 


The  turbine  drives  the  compressor,  but  what  drives  the  turbine? 
On  their  way  out  of  the  engine,  the  high  speed  exhaust  gases  strike  the 
blades  on  the  turbine  wheel  causing  it  to  rotate  at  a  high  speed.  Draw 
an  arrow  to  one  of  the  turbine  blades  and  write  in  its  name. 
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FUEL 


COMBUSTION 


SPARK  PLUG 

In  all  the  time  we  have  been  studying  this  engine,  we  have  fired  it  only  once, 
and  that  won't  take  us  very  far.    Combustion  burned  all  the  fuel.    We  must 

have  a  fresh  supply  of  and  for  combustion  to 

occur  again. 

Let's  see  how  we  get  air  into  the  engine. 
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Label  the  sections  of  the  engine  below. 
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FUEL  AND  AIR 
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FRAME  34 

Jet  engines  have  a  means  for  cramming  or  compressing  a  huge  amount  of  air 

into  themselves.    If  an  engine  has  more  air  to  accelerate,  it  can  develop 
 thrust. 
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FRAME  102 

Label  the  units  in  the  figure  below: 
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FRAME  105 

The  compressor  rotor  is  driven  by  the 
turned  by  the  ^^^^^ 
the  engine. 


rotor  which  is 


as  they  rush  toward  the  rear  of 
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At  top  speed,  the  compressor  will  draw  in  over  100  pounds  of 
One  hundred  pounds  of  air  is  enough  to  fill  an  average  sir.*  room.  The 
-  _draws  in  a  very  


mass 


of 


VK 


er|c  325  [ft 


3^ 

FRAME  35 

The  unit  which  draws  in  air  and  compresses  it  into  the  engine  is  called  a 
compressor. 
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Htrt  it  how  a  turbojet  engine  develops  thrust. 


a. 


b. 


The  compressor  turns  at  a  high  speed  and  draws  in  a  huge  mass  of 


When  the  air  reaches  the  combustion  section  about  one  fifth  of  it 

is  mixed  with  as  the  fuel  is  burned. 

 which  causes  the  air  to 


c.     Combustion  creates  

and  exert  forces  in  all 


d.     Force  toward  the  front  of  the  engine  is 
toward  the  rear. 


to  the  force 
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AIRCRAFT  AND  ENGINE  FUNDAMENTALS 

OBJECTIVES 

After  you  have  completed  this  study  guide  and  your  classroom 
instruction,  you  will  be  able  to: 

1.  State  the  principles  of  jet  engine  operation. 

2.  State  how  a  jet  engine  develops  thrust  and  the  atmospheric 
conditions  that  affect  thrust. 

3.  State  the  meanings  of  aircraft  and  engine  designations. 

4.  Name  the  major  sections  and  parts  of  a  T56  engine  and  state 
its  principles  of  operation. 

5.  State  the  purpose  and  location  of  the  T56  engine  systems  and 
parts. 

INTRODUCTION 

An  understanding  of  how  a  jet  engine  develops  thrust  is  essential 
to  troubleshooting  of  gas  turbine  engines.    This  study  guide  is  devoted 
to  an  introductory  discussion  of  jet  propulsion  and  jet  engines.  It 
has  been  simplified  to  establish  an  easy  understanding  upon  which  the 
following  lessons  can  be  built.    There  is  a  glossary  at  the  back  of  this 
study  guide.    You  can  find  the  meaning  of  many  new  technical  terms  in 
this  glossary. 


Figure  1.    Equal  Pressure  in  all  Directions. 
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INFORMATION 

JET  ENGINE  THEORY 

If  a  toy  ballon  is  blown  up  and  the  stem  released,  it  will  travel 
at  a  high  rate  of  speed  until  the  air  is  exhausted.    When  a  balloon  is 
inflated i  the  inside  air  pressure  is  greater  than  the  outside  pressure. 
With  the  stem  tied  closed,  this  inside  pressure  pushes  with  equal  force 
In  all  direction,  figure  1.    The  balloon  remains  stationary. 


Figure  2.    Unequal  Pressure  Causes  Moving  "Force. 

Releasing  the  tie  on  the  balloon  stem  causes  the  balloon  to  move 
away  from  the  stem,  figure  2.    What  causes  this  to  happen?    With  the 
stem  open,  that  section  of  the  balloon  that  air  pressure  was  pushing 
against  has  been  removed.    The  air  pressure,  however,  continues  to  push 
on  the  side  opposite  the  stem.    It  is  this  unequal  pressure  that  causes 
the  balloon  to  move  in  the  direction  opposite  the  stem.    A  jet  engine 
operates  on  the  same  principle. 


Figure  3.    Maintaining  Pressure  in  the  Balloon. 

The  flight  of  the  ballocn  is  short  because  the  air  pressure  is  soon 
exhausted.    This  can  be  overcome  by  maintaining  air  pressure  in  the 
balloon  with  a  tire  pump,  figure  3. 

To  change  this  machine  into  a  jet  engine,  the  tire  pump  is  replaced 
with  a  rotary  pump  or  compressor,  figure  4,    Now,  by  turning  the  com- 
pressor at  a  high  rate  of  speed,  large  volumes  of  air  will  pass  through 
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FLIGHT  OF  BALLOON 


Figure  4.    Replaces  Tire  Pump  with  Rotary  Pump. 


Figure  5.    Fuel  is  Burned  in  the  Airstream. 

the  balloon  while  continuing  to  hold  a  high  pressure  inside.    To  produce 
energy,  fuel  is  introduced  and  burned  in  the  airstream  behind  the  com- 
pressor, figure  5.    Burning  the  fuel  expands  the  air,  greatly  increasing 
the  pressure  within  the  "engine"  and  the  velocity  of  the  air  through  the 
opening* 


Figure  6.    Add  Turbine  to  Drive  Compressor. 

Now,  the  only  requirement  necessary  to  complete  the  engine  is  some 
internal  means  of  operating  the  compressor.  Figure  6  shows  how  this  is 
done.  A  turbine  wheel  is  placed  in  the  path  of  the  heated  gases  with  a 
connecting  shaft  to  the  compressor.  Some  of  the  hot  gas  energy  is  used 
to  turn  the  turbine  wheel,  which,  in  turn,  drives  the  compressor.  Mo3t 
of  the  remaining  gas  energy  is  expended  through  the  exhaust  nozzle, 
creating  thrust. 
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Figure  7.    A  Typical  Turbojet  Engine. 

This  simplified  jet  engine  can  now  be  compared  with  a  typical  turbo- 
jet engine,  figure  7.    Its  operation  is  a  continuous  cycle  that  will 
operate  as  long  as  it  receives  fuel. 


Figure  8.    Water  Sprinkler*  Action  and  Reaction . 


Figure  10.    Gun,  Action-Reaction* 

The  principles  of  jet  propulsion  involve  basic  laws  which  are  easier 
to  understand  if  explained  with  common  everyday  examples.    A  jet  engine 
is  defined  as  a  reactionary  device  which  develops  forward  thrust  by  the 
acceleration  of  a  mass  rearward  through  a  jet  or  nozzle.    The  thrust  for- 
ward and  mass  accelerated  rearward  can  best  be  explained  using  Newton fs 
3rd  law  of  motion.    Newton  states,  "To  every  action  there  is  an  equal 
and  opposite  reaction."    This  is  important  in  understanding  the  term 
"reactionary  device."    Devices  that  can  be  used  to  illustrate  this 
principle  are  shown  in  figures  8,  9,  and  10.    The  water  sprinkler, 
figure  8,  uses  water  forced  through  a  nozzle  as  an  action.    The  resulting 
reaction  (thrust)  is  the  rotation  of  the  sprinkler  head  around  its  base. 
Figure  9,  illustrated  by  a  fire  hose,  is  also  the  result  of  a  water  mass 
exiting  in  one  direction.    The  reaction  is  in  the  opposite  direction, 
which  requires  the  firemen  to  hold  the  hose.    You  may  experience  this 
on  a  smaller  scale  when  you  water  a  garden  or  wash  your  car.    How  about 
when  you  fired  a  gun  while  hunting  or  target  shooting?    The  "kick"  is 
also  an  example  of  action  -  reaction,  figure  10.    The  weapon  produces 
an  action  by  accelerating  the  bullet  in  one  direction.    The  reaction  is 
the  recoil  felt  on  your  shoulder.    The  larger  the  caliber  or  gauge,  the 
greater  the  reaction  of  "kick"  as  the  mass  leaves  the  weapon. 

The  idea  of  expelling  a  mp.ss  through  a  jet  or  nozzle  in  the  defini- 
tion of  a  jet  engine  is  better  explained  using  Bernoulli's  principle. 
Bernoulli's  principle  may  be  stated  as  follows:    When  the  same  amount  of 
fluid  leaves  as  enters  a  pipe,  but  the  cross  sectional  diameter  of  the 
pipe  varies,  the  pressure  will  be  the  highest  where  the  cross  section  is 
the  largest  and  the  velocity  will  be  the  lowest. 
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Figure  12*    Creating  Lift* 

Figure  11  shows  a  duct  with  several  different  diameters*  According 
to  Bernoulli's  principle,  the  pressure  at  points  A,  B,  D  and  E  is  higher 
than  at  point  C    Larger  diameters  create  higher  pressures*  Pressure 
drops  from  point  B  to  point  C,  and  velocity  increases.    This  reverses 
as  it  passes  from  point  C  to  point  D.    The  pressure  begins  to  increase 
at  point  C  and  the  velocity  begins  to  decrease*    Figure  12  shows  how 
Bernoulli's  principle  can  be  applied  to  a  sheet  of  paper  to  create  lift* 
The  velocity  over  the  top  of  the  paper  increases  and  the  pressure  drops, 
so  the  pressure  underneath  is  slightly  higher  which  tends  to  lift  the 
sheet  of  paper*    Just  remember,  when  the  velocity  increases*  the  pres- 
sure decreases. 


Figure  13.    Pipe*  Varying  Diameters. 

In  figure  13,  as  the  fluid  moves  through  the  pipe,  the  pressure 
increases  through  sections  Br  C,  and  D  because  the  diameters  are  larger 
than  section  A.    Remember,  that  as  the  pressure  increases,  the  velocity 
will  decrease. 

In  order  to  accelerate  a  gas  through  a  jet  or  nozzle,  the  diameter 
of  the  duct  must  converge,  or  get  smaller.    The  speed  of  velocity  of  the- 
gas  will  increase.    This  is  what  happens  through  section  E. 

7 


335 


FLOW 


STRAIGHT 


CONVERGENT 


DIVERGENT 


Figure  14.    Types  of  Ducts. 


Simply  stated,  to  increase  velocity  you  decrease  the  duct  size. 
This  duct  is  called  a  convergent  duct.    To  increase  pressure,  you  must 
increase  the  diameter  of  the  duct.    This  duct  is  called  a  divergent  duct. 
If  pressure  and  velocity  remain  the  same  through  a  duct  it  is  called  a 
straight  duct.    Examples  of  these  ducts  are  shown  in  figure  14. 


Matter  exists  in  three  states:    solid,  liquid,  and  gas.  Liquids 
and  gases  are  grouped  together  as  fluids  since  they  have  many  character- 
istics in  common.    Everything  is  made  of  matter,  even  air. 


Mass  is  a  quantity  of  matter.    One  pound  and  one  kilogram  are 
measures  of  mass. 


This  is  the  amount  of  mass  in  a  given  space  or  mass  per  unit 
volume.    Imagine  two  boxes  the  same  size,  one  filled  with  feathers  and 
the  other  with  bricks,  figure  15.    There  is  more  mass  in  the  box  of 
bricks.    Since  the  bricks  weigh  more  than  the  feathers,  the  bricks  have 
more  mass  in  the  same  volume.    Therefore,  they  are  denser  than  the 
feathers. 


TERMS  USED  IN  REFERENCE  TO  JET  ENGINES 


Matter 


Mass 


Density 
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Figure  IS.-  Density. 
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Figure  16.    Air  Density. 

In  figure  16,  we  see  a  cube  of  cold  air  and  a  cube  of  hot  air.  As 
temperature  increases  air  becomes  less  dense;  therefore,  a  cube  of  cold 
air  has  a  greater  density  and  will  weigh  more. 

Velocity 

Velocity  is  the  rate  of  change  of  position  in  relation  to  time. 
Velocity  is  almost  the  same  as  speed,  except  that  velocity  also  includes 
direction.    So  35  miles  per  hour  south  is  a  measure  of  velocity. 

Acceleration 

Acceleration  can  be  positive  or  negative.    Acceleration  includes 
your  zero  to  60  time  for  your  car,  as  well  as  the  60  to  zero  time  that 
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you  might  think  of  as  your  braking  time.    Acceleration  is  a  change  in 
velocity,  whether  it  be  positive  or  negative. 

Force 

Force  is  the  total  push  or  pull  on  matter,  as  the  result  of  some- 
thing pushing  on  an  object  or  the  pull  of  gravity*  Force  is  the  cause 
of  motion. 

Pressure 

Pressure  is  the  intensity  of  the  force  exerted  against  an  opposing 
body*    For  example,  the  water  in  a  tank  has  weight  or  force  (F)  of  100 
pounds,  and  the  area  (A)  of  the  bottom  of  the  tank  is  10  square  inches. 
The  pressure  (P)  on  the  bottom  of  the  tank  is  10  pounds  per  square 
inch  (psi). 

F  -  100  lb 
A  -  10  sq  in 


Atmosphere 

The  earth  is  attended  by  a  gaseous  sea  of  air  called  the  atmosphere. 
Because  it  is  invisible,  we  frequently  remain  unconscious  of  it.  Air  is 
necessary  fox  combustion  and  to  transmit  sound.  The  atmosphere  furnishes 
a  highway  fox  aircraft.  An  aircraft  moves  through  the  air  as  a  submarine 
moves  through  the  water.  The  atmosphere  is  a  mixture  of  gases,  primarily 
nitrogen  and  oxygen. 

Atmospheric  Pressure 

The  atmosphere  is  piled  on  the  earth's  surface  like  hay  in  a  hay- 
stack.   The  bottom  layers  are  packed  down  more  compactly,  due  to  the 
weight  of  the  hay  above.    They  are  more  dense  than  the  layers  near  the 
top  where  the  hay  is  loose.    You  can  also  understand  atmospheric  pressure 
if  you  compare  it  with  a  water  tank.    The  pressure  is  greatest  at  the 
bottom.    Since  everything  is  attracted  to  the  earth  by  gravity,  atmos- 
pheric pressure  is  the  weight  of  the  air  above  that  level  where  the  pres- 
sure is  measured. 

Pressure  is  expressed  in  units  of  weight  (force)  per  unit  area  or 
psi  (pounds  per  square  inch).    We  say  that  the  atmospheric  pressure  is 
14.7  psi  at  sea  level.    This  means  that  a  1  inch  square  column  of  air 
would  weigh  14.7  pounds  if  it  reached  to  the  top  of  the  atmosphere. 

Barometer 

Atmospheric  pressure  is  measured  by  a  barometer  and  is  usually 
expressed  in  inches  or  centimeters  of  mercury,  figure  17.     If  a  glass 
tube  closed  at  one  end,  and  30  inches  or  more  in  length,  is  filled  with 
mercury  and  inverted  in  a  bowl  of  mercury,  the  mercury  will  stand  in 
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Figure  17.    The  Mercury  Barcmeter. 

the  tub*  to  a  height  of  about  30  inches.    Note  in  figure  17  the  weight 
of  the  column  of  mercury  will  be  exactly  the  same  as  atmospheric  pressure. 
Naturally,  if  the  atmospheric  pressure  is  lowered,  the  level  of  mercury 
in  the  tube  will  be  lowered,  and  vice  versa. 


Temperature 

This  is  the  degree  of  hot  or  cold  of  anything,  usually  measured  with 
a  thermometer.    The  term  ambient  temperature  refers  to  the  temperature 
around  or  surrounding  the  area  where  the  reading  was  taken. 


Humidity 

Humidity  is  a  term  used  to  express  the  presence  of  water  vapor  in 
the  air.    Relative  humidity  is  the  actual  amount  of  water  vapor  in  the 
air  compared  to  the  maximum  amount  of  vapor  the  air  can  hold  at  that 
temperature.    For  example,  if  water  vapor  could  make  up  4%  of  the  total 
volume  of  the  atmosphere  at  the  present  temperature  without  condensing, 
If  only  2%  of  the  atmosphere  is  actually  water  vapor,  the  relative 
humidity  is  50Z  or  half  of  what  the  air  is  capable  of  holding  at  that 
temperature. 

ATMOSPHERIC  CONDITIONS  AFFECTING  JET  ENGINE  THRUST 


Formula  for  Computing  Thrust 

Thrust  (force)  -  mass  (M)  times  acceleration  (A)  (T  -  M  x  A),  is 
from  Newton1 s  second  law  of  motion. 


Pressure 


When  the  pressure  increases,  it  will  compress  more  air  molecules 
€)  into  the  jet  engine,  increasing  the  jet  engine  thrust. 
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Temperature 


When  the  temperature  increases,  the  air  will  expand,  reducing  the 
Bass  being  taken  into  the  Jet  engine.    This  reduces  the  jet  engine  thrust. 

Humidity 


When  the  humidity  increases,  the  water  vapor  displaces  the  heavier 
aolftcules  of  air.  The  thrust  will  decrease  because  of  the  reduced  mass 
being  taken  into  the  jet  engine. 

Standard  Day  Conditions 


These  conditions  are  used  to  compute  the  Jet  engine  thrust  using 
Air  Force  technical  orders  and  specially  designed  tables.    Standard  day 
temperature  is  59#F,  humidity  OZ,  and  barometric  pressure  29.92  inches 
of  mercury  (Hg). 


QUESTIONS 


1.      State  Newton's  third  law  of  motion. 


2.  List  and  explain  two  examples  of  Newton's  third  law  of  motion. 

3.  What  are  three  atmospheric  conditions  which  affect  jet  engine 
thrust? 


4.  What  are  the  standard  day  settings  used  to  compute  thrust? 

5.  What  is  humidity? 


6.  What  are  the  three  kinds  of  ducts  and  what  are  their  effects 
on  pressure  and  velocity? 

7.  Does  a  jet  engine  have  to  push  against  something  (like  the 
atmosphere)  to  move?    Why  or  why  not? 

8.  What  is  acceleration?    Does  it  have  anything  to  do  with  thrust? 

9.  Which  is  denser,  hot  or  cold  air? 

CHARACTERISTICS  OF  JET  PROPULSION  POWER  PLANTS 

Jet  propulsion  power  plants  may  be  divided  into  two  general  classes, 
air  breathing  and  non-air  breathing  engines. 

Rockets  are  non-air  breathing  and,  therefore,  are  self-contained. 
That  is,  all  of  the  materials  necessary  for  operation  are  contained  with- 
in the  rockets.    The  operation  is  independent  of  the  atmosphere  because 
they  carry  their  own  supply  of  oxygen.    Rockets  are  further  classified 
According  to  the  type  of  propellants  used,  which  may  be  either  liquid  or 
solid. 


Air  breathing  power  plants  use  the  surrounding  atmosphere  Lo  support 
combustion  for  the  necessary  addition  of  heat.    They  can  operate  only 
where  air  (oxygen)  exists. 
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where  air  (oxygen)  exists*    Included  in  this  group  are  the  ramjet  and 
turbojet  engines* 

Types  of  Jet  Engines 

RAMJET.    A  ramjet  engine  gets  its  name  from  the  ram  action  which 
makes  possible  its  operation*    Theoretically,  the  speed  that  can  be 
attained  by  a  ramjet  engine  is  unlimited*    Actually,  the  faster  it  moves 
the  better  it  runs  and  the  more  thrust  it  develops* 


FUEL  SPRAY 


Figure  18.    Ramjet  Engine* 

The  major  disadvantage  of  a  ramjet  is  that  it  cannot  accelerate  from 
rest;  therefore,  it  cannot  take  off  under  its  own  power.    If  a  ramjet 
were  operated  at  rest,  high-pressure  combustion  gases  would  escape  out 
of  the  front  as  well  as  the  rear,  since  the  ramjet  engine,  figure  18,  has 
no  mechanical  compressor* 

This  engine  must  be  brought  up  to  high  speed  by  some  outside  means 
so  the  forward  motion  will  be  high  enough  to  compress  the  air.    Then  fuel 
is  introduced  into  the  combustion  chamber  by  a  fuel  spray  nozzle  and 
ignited  with  a  spark  plug  after  the  forward  speed  is  high  enough  to 
sustain  operation. 


Figure  19.    Turbojet  Engine* 
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TURBOJET*    A  turbojet  engine  is  an  air-breathing,  jet-propulsion 
device  that  gets  its  name  from  its  design.    This  means  that  it  uses  an 
exhaust-gas-driven  turbine  wheel  to  drive  its  compressor*    The  same 
events  occur  in  a  turbojet  as  in  the  conventional  four  cycle  piston 
engine.    In  the  turbojet  engine,  a  separate  section  is  devoted  to  each 
function.    All  functions  occur  at  the  same  time  and  without  interruption. 
These  sections  are  the  compressor  section,  combustion  section,  turbine 
section,  and  exhaust  section,  as  shown  in  figure  19. 

In  operation,  the  compressor  brings  in  and  compresses  air.  Fuel 
is  then  injected  into  the  combustion  area  and  burned.    The  heated  air 
expands  through  the  turbine  and  drives  the  compressor.    The  remaining 
gas  energy  is  expended  in  accelerating  the  exhaust  gas  through  a  jet 
nozzle  and  produces  thrust. 

A  turbojet  engine  is  a  complete  power  plant.    This  is  true  of  any 
type  of  turbojet  engine,  whether  it  is  large  or  small,  simple  or  complex. 
All  of  the  engines  work  on  the  few  simple  laws  you  have  learned.  It 
would  be  very  simple  if  the  Air  Force  used  only  one  type  of  engine. 
This  is  impossible,  because  of  the  different  missions  for  which  aircraft 
are  designed,  new  ideas,  design  changes,  and  manufacturers  competing  with 
each  other  to  develop  more  powerful  and  more  efficient  engines. 


Fujui'e  20.    Centrifugal  Flcv  Compressor. 

Whoa  the  Air  Force  became  interested  in  turbojet  fngines,  the  firbt 
romp i-ossor  design  was  the  centrifugal  flow,  single  stage  compressor, 
shown  in  figure  20.     Engine  speed  was  limited  in  this  type  of  engine. 
Somo  of  these  types  are  still  in  use.    The  axial  flow,  multistage  com- 
pressor, shown  in  figure  21,  allows  straight-through  airflow.    The  axial 
llt-v  compressor  allows  higher  compression  ratios  with  less  frontal  area. 
So  it  became  the  accepted  design  in  general  use  throughout  the  Air  Force. 
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Figure  21.    Axial  Flow  Compressor. 

TURBOPROP.    The  need  for  aircraft  of  greater  size,  carrying  capacity, 
range  and  speed  created  a  demand  for  more  powerful  engines.    The  turbojet 
engine  with  its  high  power-to-weight  ratio  supplied  the  power  but  without 
some  of  the  desirable  features  of  propeller-equipped  engines.     It  follows, 
then,  that  the  most  desirable  engine  would  combine  the  best  characteristics 
of  the  turbojet  and  propeller-equipped  engines. 


REDUCTION  GEAR  ASSEMBLY 

t  A  ^ 


r 


POWER  SECTION 
 A,  


I 


Figure  22.    Turboprop  Engine  (Cutaway). 

In  an  attempt  to  combine  into  one  engine  the  best  characteristics 
of  each  type,  the  turboprop  engine,  shown  in  figure  22,  was  developed. 
This  type  of  engine  is  currently  installed  in  production  aircraft.  It 
offers  several  advantages;  economical  operation,  little  vibration,  the 
propeller  for  takeot'Cs  and  landings  on  moderate  sized  airstrips,  and  high 
power  with  low  weight. 

The  turboprop  is  not  a  conventional  jet  engine,  although  they  use 
jet  reaction  as  an  additional  source  of  power.     The  power  developed  by 
the  gas  turbine  power  section  drives  a  propeller  through  a  reduction 
gear  assembly,  shown  in  figure  22. 
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Figure  23.    Axial-Flow  Fan. 

TURBOFAN.     In  principle,  the  turbofan  gas  turbine  engine  is  the  same 
as  the  turboprop  except  that  the  geared  propeller  is  replaced  by  an  axial- 
flow  fan  that  is  driven  at  engine  speed.     See  figure  23.     Secondary  air 
is  the  air  passing  through  the  outer  part  of  the  fan,  but  not  through 
the  power  section.    The  ratio  of  secondary  to  primary  airflow  is  greater 
than  1* 

Directional  References 

Directional  references  is  the  term  used  to  describe  the  standard 
method  for  labeling  and  locating  parts  of  an  engine  or  aircraft.  This 
is  done  as  if  you  are  standing  at  the  rear  looking  forward.    Also,  the 
location  of  any  item  would  be  given  in  clock  positions.    An  example  of 
this  would  be  if  some  unit  was  on  the  right-hand  side,  it  would  be 
labeled  as  the  3  o'clock  position.     Study  figure  24. 
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Aircraft  Designations 


BASIC  MISSION  AND  TYPE  SYMBOL.    This  is  a  letter  used  to  indicate 
the  primary  function  or  capability  of  an  aircraft.    Modified  mission 
symbols  are  used  with  "type  symbols"  (such  as  "H"  for  helicopter)  to 
determine  what  the  aircraft  is  being  used  for.    Some  examples  are: 


Letter  - 

Title 

A 

Attack 

B 

Bomber 

C 

Cargo/Transport 

F 

Fighter 

*H 

Helicopter 

L 

Observation 

T 

Trainer 

U 

Utility 

X 

Research 

*Type  symbol 
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MODIFIED  MISSION  SYMBOL  (PREFIX  LETTER).    This  is  used  to  show  the 
present  use  of  an  aircraft  when  it  is  so  modified  that  its  original 
function  is  no  longer  possible  or  is  restricted  in  capability.    Only  one 
modified  mission  symbol  can  be  placed  to  the  left  (prefix)  of  any  basic 
mission  symbol.    Example:    The  KC-135  aircraft  was  designed  to  carry 
cargo  but  has  been  modified  to  a  tanker  for  refueling  use. 

Modified  mission  symbols  include: 

Letter  Title 


A 
A 

AC  cactc 

c 

Cargo/Transport 

E 

Special  Electronic  Installation 

H 

Search  Rescue 

K 

Tanker 

R 

Reconnaissance 

T 

Trainer 

U 

Utility 

V 

Staff 

W 

Weather 

DESIG:!  NUMBER.    This  is  a  sequenced  number  following  the  basic 
mission  symbol  for  each  new  design  of  the  same  type  of  aircraft.  Some 
are  never  mass  produced.     After  the  numbers  got  too  high  in  value,  the 
Air  Force  started  counting  from  1  again.    Hence  the  C-5  and  the  F-4 
and  F-15. 

Below  are  examples  of  aircraft  chosen  at  random  from  those  put 
into  production. 


B-52 

C-5 

B-57 

F-100 

B-66 

F-iOl 

C-119 

F-104 

C-121 

F-105 

C-124 

F-lll 

C-130 

F-A 

C-135 

F-15 

C-141 

18  31o 
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SERIES  LETTER.    The  series  letter  is  used  to  show  changes  in  air- 
craft that  affect  logistic  or  support  requirements.    Series  letters 
start  with  "A"  but  do  not  include  "I"  or  "0"  to  eliminate  confusion 
with  numerals. 


Examples  of  some  series  changes  would  be  the  installation  of  dif- 
ferent engines,  extra  fuel  tanks,  electronic  equipment,  etc.    The  C-130, 
for  instance,  has  several  series  changes,  such  as  O130B,  C-130E,  and 
so  on  to  C-130H. 


STATUS  PREFIX  SYMBOL  (CLASSIFICATION  LETTER).    When  a  status  prefix 
letter  is  used  on  an  aircraft,  it  shows  use  for  experimentation,  or 
special  or  service  test.    The  status  prefix  letter  is  placed  to  the  left 
of  the  basic  mission  symbol  or  the  modified  mission  symbol. 

Some  examples  are: 

Letter  Title 

G  Permanently  Grounded 

J  Special  Test,  Temporary 

N  Special  Test,  Permanent 

X  Experimental 

Y  Prototype 

Z  Planning 

Engine  Designation 

TYPE  LETTER.    Type  letters  are  used  to  identify  different  types  of 
power  plants. 

Some  examples  are: 

Letter  Title 

R    Reciprocating 

J  Turbojet 

RJ  Ramjet 

TF  or  F  Turbofan 

T  Turboprop 

K  Rocket 


MODEL  .VUVSZF..     Model  numbers  are  used  to  show  the  model  of  the 
engine.     Numbers  are  used  with  the  letters  to  identity  specific  engines 
in  a  type.     These  numbers  start  with  30  for  each  type  of  power  plant  and 
progress  in  sequence.     Even  numbers,  such  as  30,   32,  34,  36,  etc.,  are 
used  for  engines  which  are  developed  for  the  Navy.    Odd  numbers,  such 
as  31,  33,  57,  79,  etc.,  are  used  for  engines  which  are  developed  for 
the  Air  Force. 
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Por  example,  the  J33  is  the  second  turbojet  engine  developed  for 
the  Air  Force,  and  the  T34  is  the  third  turboprop  engine  developed  for 
the  Navy. 


Examples  of  design  numbers  with  type  letters  are: 
Air  Force  J33,  TF39,  J57 $  ylOl 

Navy  TF30,  J48,  T56,  T400 

MANUFACTURER'S  CODE  LETTERS.    The  manufacturer's  code  letter  is  used 
to  indicate  who  manufactured  the  engine.     More  than  one  manufacturer  could 
build  the  same  type  and  model  engine. 

Examples: 

T56-A  Built  by  Allison 

J79-GE  Built  by  General  Electric 

J75-F  Built  by  Ford 

Other  manufacturer  code  letters  are: 

R  -  Fair child  NA  -  North  American 

T  -  Continental  ST  -  Studebaker 

L  -  Lycoming  W    -  Wright  Aeronautical 

SERIAL  NUMBER.    The  series  number  is  used  to  indicate  the  major 
changes  to  the  model  and  to  indicate  who  is  using  the  engine .    The  Air 
Force  uses  odd  numbers  (1,  3,  5,  9,  etc).    The  Navy  uses  the  even  numbers 
(2,  4,  6,  etc). 

Examples: 

J57_p_6  designed  for  the  Air  Force  and  being  used  by 

the  Navy 

T56-A-.7.  designed  for  the  Navy  and  being  used  by  the 

Air  Force 

Higher  series  numbers  indicate  more  recent  changes  to  the  engine 
model. 

SERIES  MODIFICATION  LETTER.     Series   modification  letters  are  used 
to  show  factory  changes  to  the  series.     These  changes  are  used  to  show 
improvements  or  modifications  to  the  series.     These  letters  are  added 
only  with  the  manufacturer's  authorization. 
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Some  examples  of  series  modification  letters  are: 
T56-A-7A 
T56-A-7B 
T56-A-9A 
T56-A-9B 

CLASSIFICATION  LETTER.    Classification  letters  are  used  to  show 
the  status  of  the  engine. 

Examples : 

Letter  Title 

X  Experimental 

Y  Prototype 

QUESTIONS 

1.  List  the  types  of  jet  engines  discussed  in  this  study  guide. 

2.  Explain  the  designation  KC-97L. 

3.  For  a  flight  to  the  moon  a  turbojet  would  be  of  little  use. 

Why? 

4.  What  type  of  jet  engine  is  designated  "TF"?    "J"?  MT"? 

5.  Explain  the  directional  reference  of  a  jet  engine. 

6.  Explain  the  engine  designation  YT56-A-7B.  • 

CHARACTERISTICS  AND  MAJOR  SECTIONS  OF  THE  T56  ENGINE 

The  T56  engine  is  an  axial  flow,  continuous-burning  turboprop  engine. 
It  is  rated  at  4,050  equivalent  shaft  horsepower.     Its  length  is  13  feet, 
with  the  power  section  taking  up  8  feet  of  that.     It  is  2  feet  in  diameter, 
and  weighs  1845  pounds.     It  develops  2.2  horsepower  per  pound  of  engine 
weight. 

The  T56  engine  is  made  up  of  three  sections,  shown  in  figure  25. 
The  power  section,  the  torquemeter  and  tie  struts,  and  the  reduction 
gearbox.     The  power  section  is  divided  into  four  assemblies.     The  com- 
pressor, the  combustion,  the  turbine,  and  the  accessory  gearbox.  These 
will  be  described  in  the  following  paragraphs. 

Power  Section 

COMPRESSOR  ASSEMBLY.    The  purpose  of  the  compressor  assembly  is  to 
delxver  air  to  the  combustion  assembly  and  the  other  air  operated  parts, 
under  high  pressure  and  moderate  velocity.    The  compressor  assembly  is 
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Figure  25.    Major  Engine  Assemibliee. 
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made  up  of  four  main  parts.    The  air  inlet  housing,  compressor  rotor, 
compressor  case,  and  compressor  diffuser. 

The  air  inlet  housing  is  used  to  direct  the  air  into  the  compressor. 
It  has  eight  hollow  support  struts  to  allow  f tow  of  anti-icing  14th  stage 
air.    It  also  houses  the  compressor  extension  shaft  which  connects  the 
torquemeter  to  the  compressor,  and  the  No.  1  bearing. 

The  compressor  rotor  consists  of  14  stages  of  compressor  blades, 
which  are  separated  by  stator  vanes.    The  rotor  is  supported  on  each  end 
by  an  antifriction  bearing. 

The  compressor  case  houses  the  compressor  rotor,  and  is  the  part 
that  the  stator  vanes  are  mounted  to.    The  case  is  made  of  four  90  degree 
segments,  which  are  bolted  together. 

The  compressor  diffuser  is  located  at  the  rear  of  the  compressor 
assembly  and  is  used  to  prepare  the  air  for  entry  into  the  combustion 
assembly.    It  is  a  divergent  type  duct  which  will  increase  the  pressure 
and  decrease  the  velocity.    Housed  inside  the  diffuser  is  the  No.  2 
bearing.     It  is  a  ball  type  bearing,  and  is  used  to  support  the  rear  of 
the  compressor  rotor.     It  is  also  used  to  prevent  axial  movement  of  the 
compressor  rotor  and  turbine  rotor.    Also  attached  to  the  diffuser 
are  six  fuel  nozzles  at  the  2,  4,  6,  8,  10,  and  12  clock  positions, 
extending  into  the  combustion  chamber  liners. 

COMBUSTION  ASSEMBLY.    The  purpose  of  the  combustion  assembly  is  to 
provide  an  area  where  fuel  and  air  can  be  mixed  together  and  burned. 
Approximately  25%  of  the  air  supplied  by  the  compressor  assembly  is  used 
for  combustion,  while  the  remaining  75%  is  used  for  cooling  of  the  engine 
turbine  assembly. 
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Figuiv  26.    CanatatuLa*  Combustion  Section. 

fiCurXC0Oi,Ur 3SSembly  13  of  the  canannular  type.    This  is  shown  in 
figure  26.     This  type  uses  a  set  of  combustion  liners  around  an  inner 
combustion  case  and  is  surrounded  by  an  outer  combustion  case.  This 
combines  the  "burner  can"  efficiency  of  the  individual  chamber    with  the 
strength  and  increased  airflow  of  the  annular  type  or  single  burner  can 
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The  major  parts  of  the  combustion  assembly  are  the,  six  combustion 
chamber  liners,  the  combustion  outer  case,  and  the  combustion  inner  case. 


Figure  27.    Combustion  Chambers. 

The  six  combustion  chamber  liners  are  located  at  the  even  clock 
positions  around  the  inner  combustion  case,  see  figures  26  and  27.  They 
provide  an  area  where  fuel  and  air  can  be  mixed  and  burned  efficiently. 
The  combustion  is  started  by  use  of  two  igniter  plugs  that  extend  into 
the  number  two  and  five  chambers.     Flame  is  spread  to  the  remaining 
chambers  by  use  of  flame  crossover  tut?es. 

The  combustion  outer  case  makes  up  die  outer  wall  of  the  combustion 
assembly,  see  figure  28.  It  surrounds  the  six  combustion  chamber  liners 
and  contains  the  extra  75%  cooling  air* 

The  combustion  inner  case  makes  up  the  inner  wall  of  the  combustion 
assembly.    Housed  inside  are  the  inner  case  liner,  two  oil  lines,  and 
the  turbine  coupling  shaft.     Insulation  for  these  parts  is  provided  by 
the  dead  air  space  between  the  inner  combustion  case  and  the  inner  com- 
bustion case  liner. 
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Figure  28.    Outer  Combustion  Casing. 

TURBINE  ASSEMBLY.    The  purpose  of  the  turbine  assembly  is  to  extract 
energy  from  the  combustion  gases  and  convert  it  to  mechanical  energy  to 
drive  the  compressor  and  the  engine  driven  accessories.    The  major  parts 
of  the  turbine  assembly  are  the  turbine  inlet  case,  the  turbine  vane 
case,  the  turbine  rotor,  and  the  rear  bearing  support. 

The  turbine  inlet  case  is  used  to  direct  the  gases  into  the  turbine 
assembly.    It  houses  the  first  stage  of  the  turbine  nozzle  vanes  and  18 
thermocouple  assemblies.    The  No.  3  bearing  is  also  housed  in  the  turbine 
inlet  case. 

The  turbine  vane  casing  forms  the  outer  wall  around  the  turbine 
rotor  and  vane  assembly.    It  houses  the  second,  third,  and  fourth 
stage  turbine  nozzle  vanes,  and  the  first,  second,  and  third  stages  of 
the  turbine  rotor.  "  "  tummi  whki 

TUMINE 


Figure  29.    Reaction-Type  Turbine  Rotor. 
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The  turbine  rotor  is  of  a  four-stage,  reaction-type,  see  figure  29. 
The  four  stages  are  needed  to  extract  enough  energy  to  drive  the  com- 
pressor, accessories,  and  propeller.     It  is  supported  at  each  end  by  an 
antifriction  bearing  to  provide  ease  of  rotation.     It  is  attached  to  the 
compressor  by  means  of  a  turbine  coupling  shaft  and  a  turbine  tie  bolt. 
The  tie  bolt  passes  through  the  turbine  rotor  and  the  coupling  shaft  and 
threads  into  the  rear  of  the  compressor.    This  prevents  axial  movement  of 
the  turbine  rotor. 

ACCESSORY  DRIVE  ASSEMBLY.    The  purpose  of  the  accessory  drive 
assembly  is  to  provide  a  place  to  mount  and  drive  accessories  to  maintain 
operation  of  the  engine.    The  accessory  drive  housing  is  located  at  the 
bottom  of  the  air  inlet  housing.    The  power  needed  tu  drive  the  accessory 
drive  housing  is  taken  off  the  compressor  extension  shaft.    This  is  by 
use  of  a  side  gear  and  a  vertical  drive  shaft  which  passes  through  the 
6  o'clock  strut  in  the  air  inlet  housing. 

The  parts  that  are  mounted  to  the  accessory  drive  housing  are  the: 

1.  Speed  Sensitive  Valve  -  On  the  outer,  left  hand,  front  side. 

2.  Speed  Sensitive  Control  -  Cn  the  inner,  left  hand,  front  side. 

3.  Oil  Pump  -  On  the  inner,  right  hand,  front  side. 

4.  Oil  Filter  -  On  the  outer,  right  hand,  front  side. 

5.  Fuel  Control  -  On  the  left  hand,  rear  side. 

6.  Fuel  Pump  -  On  the  right  hand,  rear  side. 

7.  External  Scavenge  Pump  -  On  the  center,  rear  side. 

Torquemeter  and  Tie  Struts 

The  torquemeter  assembly  is  used  co  connect  the  power  section  to  the 
reduction  gearbox  and  to  transfer  all  the  torque  developed  by  the  power 
section  to  the  reduction  gearbox.     It  also  provides  a  means  of  measuring 
the  torque.    This  will  be  discussed  in  a  later  secticn- 


INNER  (TORQUE)  SHAFT 


OUTER  (REFERENCE)  SHAFT • 


\  HOUSING 
Figure  30.    Torquemeter  Assembly. 
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The  torquemeter  itself  is  made  up  of  two  separate  shafts,  see 
figure  30,  an  inner  (torque)  shaft  and  an  outer  (reference)  shaft.  Both 
shafts  are  attached  together  at  the  rear,  but  remain  separate  everywhere 
else-     It  is  splined  to  the  compressor  extension  shaft  at  the  rear,  and 
bolted  to  the  safety  coupling  in  the  reduction  gearbox  at  the  front* 

The  torquemeter  is  housed  in  the  torquemeter  housing*  which  is 
bolted  to  the  reduction  gearbox  (RGB)  in  the  front  and  to  the  air  inlet 
housing  in  the  rear.    The  torquemeter  housing  provides  mo&t  of  the  sup- 
port between  the  RGB  and  the  power  section* 

The  tie  struts  are  bolted  to  the  top  of  the  air  inlet  housing  at 
the  2  and  10  o'clock  positions  at  the  rear,  and  the  2  and  10  o'clock 
positions  of  the  rear  side  of  the  RGB  at  the  front.    These  provide 
additional  support  between  the  RGB  and  power  section  and  help  stabilize 
the  RGB. 

Reduction  Gearbox 

The  reduction  gearbox  is  used  to  reduce  the  engine  rpm  to  a  safe 
rpm  which  can  be  used  by  the  propeller.     It  does  this  by  means  of  a  two 
stage  gear  reduction  process,  providing  an  overall  reduction  rate  of 
13.54  :  1. 

There  are  four  major  cases  to  the  RGB.  They  are  the  front  case, 
rear  case,  bearing  diaphragm,  and  rear  case  inner  diaphragm. 

The  front  case  houses  and  supports  the  forward  parts  of  the  RGB. 
Some  of  these  parts  are  the  propeller  shaft,  main  scavenge  pump,  nose 
scavenge  pumpt  negative  torque  signal  system  parts,  thrust  plate,  and 
two  magnetic  drain  plugs. 

The  rear  case  supports  and  houses  the  rear  parts.     Some  of  the 
accessories  and  parts  on  the  rear  case  are  the  starter,  hydraulic  pump 
generator,  oil  pressure  pump,  and  tachometer  generator. 

The  bearing  diaphragm  is  located  between  the  front  case  and  the  rear 
case  and  is  the  midstructural  member  for  the  RGB.     It  supports  the  front 
of  the  pinion  gear  and  the  rear  of  the  planetary  gear  carrier. 

The  rear  case  inner  diaphragm  is  used  to  support  the  front  of  the 
gears  used  to  drive  the  accessories. 

The  gear  reduction  consists  of  two  stages.     The  parts  of  the  first 
stage  of  reduction  consists  of  the  pinion  gear  and  the  main  drive  gear. 
These  gears  proviJ.  »  a  gear  ratio  of  3.125  :  1.     The  parts  of  the  second 
stage  ot  ..e \i'  re.  .  •tiuu  e^r^ists  ot  the  sun  i;ear,  planetary  gears,  and 
the  rill*;  sear.     ...c^e  geaus  provide  a  gear  ratio  ot  4.333  :  1. 

The  reduction  gearbox  also  has  three  safety  features;  the  propeller 
brake,  safety  couplings,  and  negative  torque  signal  system. 

The  propeller  brake  is  located  in  the  rear  case  of  the  starter 
drive  pad.     It  is  used  to  prevent  windmiliing  of  the  propeller  while 
in  flight  when  in  the  feather  position.     It  also  aids  in  stopping  the 
rotation  of  the  propeller  during  normal  engine  shutdown. 
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The  safety  coupling  is  located  at  the  bottom  rear  of  the  RGB.  It 
is  bolted  to  the  pinion  gear.     It  is  used  to  disengage  the  power  section 
from  the  reduction  gearbox  in  case  of  excessive  negative  torque.  If 
the  safety  coupling  disengages,  the  engine  must  be  shut  down  because  it 
will  not  reengage. 


Figure  31.    Negative  Torque  Signal  System. 

The  Negative  Torque  Signal   (NTS)  System,  shown  in  figure  31,  is 
located  in  the  upper  portion  of  the  RGB  front  case.     It  is  used  to  prevent 
the  propeller  from  driving  the  engine.     It  does  this  by  means  of  a  ring 
gear,  plunger,  and  bracket.     These  will  signal  the  propeller  control 
assembly  to  increase  the  blade  angle  when  negative  torque  exists.  This 
will  create  more  drag  on  the  propeller,  allowing  the  engine  to,  once 
again,  drive  the  propeller. 

QUESTIONS 

1.  What  are  the  three  major  sections  of  the  T56  engine? 

2.  What  are  the  four  major  assemblies  of  the  power  section? 

3.  What  is  the  purpose  of  the  reduction  gearbox? 

4.  What  is  the  purpose  of  the  torquemeter  and  tie  struts? 

5.  What  is  the  purpose  of  the  power  section? 

T56  ENGINE  SYSTEMS 

The  turboprop  engine  is  designed  to  drive  a  prop  to  drive  the  air- 
craft through  the  air.     But  the  engine  cannot  do  this  on  its  own.  It 
needs  other  systems  to  alio-?  it  to  operate  correctly  at  all  altitudes 
and  power  settings.    Just  like  a  car  engine  needs  its  systems,  such  as 
the  cooling,  ignition,  starting,  and  other  systems  to  operate  efficiently. 

28 


3  £7  ; 

! 

t 

Some  of  Che  systems  used  on  the  T56  are  Che  starting,  ignition,  , 
compressor  bleed,  fuel,  oil,  rpm  and  torque  indicating,  turbine  inlet  \ 
temperature  indicating,  negative  torque  signal  system,  anti-icing,  and  j 
fire  warning,    A  description  of  their  parts  and  locations  will  be  given 
in  the  following  paragraphs. 

Starting  System 

The  purpose  of  the  starting  system  is  to  turn  the  engine  compressor 
to  a  self-sustaining  rpm,     "Self-sustaining"  is  the  speed  which  the  com- 
pressor must  reach  before  the  engine  will  keep  running.    The  compressor 
will  then  be  able  to  supply  the  needed  amount  of  air  to  support  combustion 
and  cooling. 

Parts  of  the  starting  system  consists  of  the  following: 

1.  Starter. 

a.  Type  -  Pneumatic. 

b.  Location  -  The  center  rear  side  of  the  RGB. 

c.  Purpose  -  To  convert  kinetic  energy  from  an  air  source  to 
mechanical  energy  to  bring  the  engine  to  a  self-sustaining  rpm. 

2.  Starter  control  valve. 

a.  Type  -  Butterfly. 

b.  Location  -  The  upper  right-hand  side  of  the  nacelle. 

c.  Purpose  -  To  regulate  and  control  the  air  to  the  starter. 
Ignition  System 

The  purpose  of  the  ignition  system  is  to  provide  a  high  voltage, 
high  energy  spark  to  ignite  the  fuel/air  mixture.    This  high  energy  spark 
is  needed  to  blast  away  any  deposits  that  may  be  on  the  spark  igniters. 
These  deposits  occur  because  the  ignition  system  operates  only  during  the 
starting  phase  of  engine  operation.     Unlike  an  automobile  engine,  whose 
ignition  system  operates  continuously. 

Parts  of  the  ignition  system  consists  of  the  following: 

1.  Speed  Sensitive  Control. 

a.  Purpose  -  To  energize  the  ignition  relay  at  16%  rpm  and 
de-energize  the  ignition  relay  at  65%  rpm. 

b.  Location  -  The  inner  left-hand  front  side  of  the  accessory 
drive  housing. 

2.  Ignition  Relay. 

a.      Purpose  -  To  complete  the  circuit  and  send  the  voltage 
to  the  ignition  exciters. 
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b.      Location  -  At  the  11  o'clock  forward  position  of  the 
compressor  case. 

3.  Ignition  Exciter, 

a-      Purpose  -  To  step-up  the  voltage  received  from  the  ignition 
relay  and  convert  28  VDC  to  20,000  -  25,000  VDC. 

b.  Location  -  At  the  1  -  3  o'clock  forward  position  of  the 
compressor  case. 

c.  Type  -  Capacitor  discharge. 

4.  Igniter  Plugs. 

a.  Purpose  -  To  provide  an  air  gap  for  the  ignition  of  the 
fuel/air  mixture. 

b.  Location  -  Is  bolted  to  the  outer  combustion  case  at  the 
2  and  8  o'clock  positions,  extending  into  the  number  2  and  5  combustion 
chamber  liners. 

c.  Type  -  Self-gapping,  nonadjustable  (creepage) . 

Oil  System 

The  purpose  of  the  oil  system  is  to  clean,  cool,  and  lubricate  all 
bearings  and  moving  parts  of  the  engine.     There  are  two  basic  types  of 
oil  systems,  wet  sump  and  dry  sump.     The  T56  engine  uses  the  dry  sump 
type,  which  means  the  oil  is  stored  outside  of  the  engine  in  an  external 
oil  tank.    Engines  with  wet  sump  systems  have  the  oil  contained  within 
the  engine,  such  as  an  automobile  engine. 

The  type  oil  used  in  the  T56  engine  oil  system  is  of  the  synthetic 
base  instead  of  petroleum  base-    The  military  specification  is  MIL-L-23699. 
Although  MIL-L-7808  can  be  used  for  emergencies. 

Parts  of  the  oil  system  consists  of  the  following: 

1.      Oil  Tank. 

Purpose  -  To  provide  an  area  to  store  the  engine  oil. 

Location  -  The  upper  portion  of  the  nacelle,  above  the 


c.      Capacity  -  12  gallons  of  oil. 

7.5  gallons  of  air  for  oil  expansion. 

19.5  gallons  total  capacity. 
Oil  Tank  Pressurizing  Valve. 

a.      Purpose  -  To  maintain  3.5  psi  of  air  pressure  in  the  oil 
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b.      Location  -  The  upper  forward  side  of  the  oil  tank. 

3.  Oil  Quantity  Tank  Unit. 

a.  Purpose  -  To  send  an  indication  of  the  amount  of  oil  in 
the  oil  tank  to  the  cockpit. 

b.  Location  -  The  left-hand  side  of  the  oil  tank* 

4.  Scupper-Filler. 

a.  Purpose  -  To  provide  an  area  for  servicing  of  the  oil 
tank  and  a  way  of  catching  the  overflow  oil. 

b.  Location  -  The  right-hand  side  of  the  oil  tank. 

5.  Oil  Tank  Sump. 

a.  Purpose  -  To  provide  an  area  for  the  sediment  to  settle 
and  also  for  draining  the  oil  tank. 

b.  Location  -  The  bottom  of  the  oil  tank. 

6.  Oil  Tank  Shut-Off  Valve. 

a.  Purpose  -  To  provide  a  means  of  shutting  off  the  engine 
oil  supply  in  case  of  an  emergency. 

b.  Location  -  Is  attached  to  the  right-hand  side  of  the  oil 

tank  sump. 

c.  Type  -  Gate  type. 

7.  Oil  Temperature  Bulb. 

a.  Purpose  -  To  send  an  indication  of  the  oil  temperature  to 
the  cockpit. 

b.  Location  -  In  the  oil  tank  outlet  line. 

8.  Pressure  Pumps. 

a.  Power  Section- 

(1)  Location  -  The  center  front  side  of  the  accessory 

drive  housing. 

(2)  Purpose  -  To  supply  pressurized  oil  to  all  bearings 
and  moving  parts  of  the  power  section. 

b.  Reduction  Gearbox. 

(1)    Purpose  -  To  supply  pressurized  oil  for  all  bearings 
and  moving  parts  of  the  RGB. 
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(2)    Location  -  The  right-hand  rear  side  of  the  RGB. 
9.      Oil  Filters. 

a.  Power  Section. 

..ction  oil  8y,SL  PUrP°3e  "  Pllt"  the  fro.  the  po„« 

b.  Reduction  Gearbox. 

(1)  Purpose  -  Filter  the  contaminants  from  the  RGB  oil 

system. 

(2)  Location  -  On  the  RGB  oil  pump  housing. 
10.      Oil  Scavenge  Pumps. 

the  oil  tank      PUrP°Se  "  T°  return  the  oil  from  the  bearing  areas  to 

b.  Power  Section  Locations. 

,    .  (1)    M3111  Scavenge  Pump  -  The  inner  right-hand  front  side 

of  the  accessory  drive  housing,  behind  the  pressure  pump. 

(2)  External  Scavenge  Pump  -  The  center  rear  side  of  the 
accessory  drive  housing. 

(3)  Rear  Turbine  Scavenge  Pump  -  Inside  the  exhaust 
cone,  in  the  rear  bearing  support. 

c.  Reduction  Gearbox  Locations. 

.    .  (1)    M3111  Scavenge  Pump  -  The  bottom  of  the  front  case 

of  the  reduction  gearbox. 

.  .     e      (2)    Nose  Scavenge  Pump  -  Beneath  the  propeller  shaft, 

inside  the  front  case  of  the  reduction  gearbox. 

11.  Fuel  Heater  Strainer. 

.  a*      PurP°se  "  ^es  hot  scavenge  oil  to  heat  the  fuel  and 
prevent  ice  from  forming  in  the  fuel. 

b.      Location  -  Right-hand  side  of  the  nacelle. 

12.  Oil  Cooler. 

a.  Purpose  -  To  cool  the  oil  after  the  engine  warms  up. 

b.  Location  -  The  lower  part  of  the  nacelle. 
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c.      Type  -  Air/oil  type. 

13.  Oil  Cooler  Flap. 

a.  Purpose  -  To  control  the  amount  of  air  passing  through 
the  air  cooler. 

b.  Location  -  In  the  lower  part  of  the  nacelle,  behind  the 
oil  cooler  flap. 

14.  Oil  Cooler  Flap  Actuator. 

a.  Purpose  -  To  position  the  oil  cooler  flap  for  control 
of  the  oil  temperature. 

b.  Location  -  Inside  the  nacelle,  above  the  oil  cooler  flap. 

15.  Oil  Temperature  Control  Thermostat. 

a.  Purpose  -  Signal  the  flap  actuator  when  to  open  or  close 
the  oil  cooler  flap  according  to  the  oil  temperature. 

b.  Location  -  The  upper  left-hand  side  of  the  nacelle, 
behind  the  oil  tank. 

Fuel  System 

The  purpose  of  the  fuel  system  is  to  supply  the  engine  with  the 
correct  amount  of  fuel,  for  combustion,  during  all  engine  operating 
conditions.    The  correct  operation  of  this  system  is  necessary  in  order 
to  control  the  engine  temperature  and  the  rate  of  acceleration  and 
deceleration  to  prevent  flameout  of  the  engine. 

The  T56  engine  fuel  system  consists  of  a  fuel  heater  strainer,  an 
engine  driven  fuel  pump,  fuel  filters,  a  hydromechanical  fuel  control, 
fuel  enrichment  valve,  electronic  temperature  datum  valve,  fuel  manifold 
drain  valve,  fuel  manifold,  six  fuel  nozzles,  and  two  burner  drain  valves. 

Parts  of  the  fuel  system  consists  of  the  following: 

1.  Fuel  Heater  Strainer  -  Is  the  same  as  in  the  oil  system. 

2.  Fuel  Pump. 

a.  Purpose  -  To  pressurize  and  deliver  fuel  to  the  rest  of 
the  system  parts. 

b.  Location  -  The  right-hand  rear  side  of  the  accessory  drive 

housing. 

c.  Type  -  Dual,  centrifugal  boost,  with  spur-gear  type 
secondary  and  primary  pumps. 
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3.  Low  Pressure  Fuel  Filter. 

a.  Purpose  -  To  filter  the  fuel  after  it  leaves  the  centrifugal 
boost  pump  and  sends  it  to  the  secondary  pump* 

b.  Location  -  The  right-hand  side  of  the  engine,  next  to  the 

fuel  pump, 

c.  Type  -  Paper  throw- away. 

4.  High  Pressure  Fuel  Filter. 

a.  Purpose  -  To  filter  the  fuel  as  it  leaves  the  primary 

pump. 

b.  Location  -  The  bottom  of  the  fuel  pump. 

c.  Type  -  Waifer  air  maze. 

5.  Fuel  Control. 

a.  Purpose  -  To  meter  fuel  for  combustion  according  to 
atmospheric  and  mechanical  variables. 

b.  Location  -  On  the  left-hand  rear  side  of  the  accessory 
drive  housing. 

c.  Type  -  Hydromechanical. 

6.  Enrichment  Valve. 

a.  Purpose  -  To  provide  additional  unmetered  fuel  for  starting 
the  engine  during  cold  weather. 

b.  Location  -  Mounted  to  the  back  of  the  external  scavenge 

pump. 

7.  Temperature  Datum  Valve. 

a.  Purpose  -  To  meter  the  fuel  according  to  the  signals 
received  from  the  temperature  datum  control. 

b.  Location  -  The  bottom  of  the  compressor  case,  behind  the 

fuel  pump. 

8.  Fuel  Manifold  Drain  Valve. 

a.  Purpose  -  To  drain  the  fuel  in  the  fuel  manifold  after 
engine  shutdown. 

b.  Location  -  The  bottom  of  the  compressor  case,  behind  the 
fuel  control. 


34 

ER?C  363 


*T7 

9.      Fuel  Manifold. 

a.  Purpose  -  To  distribute  the  fuel  to  the  six  fuel  nozzles. 

b.  Location  -  Around  the  compressor  diffuser. 

10.  Fuel  Nozzles. 

a.  Purpose  -  To  atomize  the  fuel  for  more  efficient 
combustion. 

b.  Location  -  At  the  even  clock  positions  on  the  compressor 

diffuser. 

11.  Burner  Drain  Valves. 

a.  Purpose  -  To  drain  the  fuel  from  the  outer  combustion 
case  in  the  event  of  an  unsuccessful  start. 

b.  Location  -  At  the  forward  and  rear  positions  of  the  outer 
combustion  case,  at  the  6  o'clock  position. 

Compressor  Bleed  System 

The  compressor  bleed  system  provides  an  automatic  means  of  controlling 
the  compressor  airflow.     Its  purpose  is  to  reduce  or  prevent  compressor 
surges  and  stalls. 

During  low  speed  operation,  the  compressor  provides  more  air  than 
the  combustion  section  can  handle  or  use.    Therefore,  the  compressor 
bleed  system  must  discharge  this  extra  air  overboard  to  prevent  surges 
and  stalls • 


Figure  32.    Compressor  Bleed  System. 
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The  parts  of  the  compressor  bleed  system,  shown  in  figure  32,  are 
the  speed  sensitive  valve,  eight  compressor  bleed  valves,  and  the  bleed 
air  collectors. 

1.  Speed  Sensitive  Valve. 

a.  Purpose  -  To  control  the  operation  of  the  compressor  bleed 

valves . 

b.  Location  -  On  the  outer  left-hand  front  side  of  the 
accessory  drive  housing. 

2.  Compressor  Bleed  Valves. 

a.  Purpose  -  To  bleed  excess  air  from  the  compressor  to 
prevent  surges  and  stalls. 

b.  Location  -  Two  each  at  the  3,  6,  9,  and  12  o'clock 
positions,  over  the  5th  and  10th  stage  of  compression. 

3.  Bleed  Air  Collectors. 

a.      Purpose  -  To  act  as  air  ducts  to  route  the  compressor 
bleed  air  overboard. 


b.      Location  -  At  the  3  and  9  o1 clock  positions  on  the 
compressor. 


Fxgure  33.    Anti-Icing  Sya  tern. 
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Anti-Icing  System 

The  purpose  of  the  anti-icing  system,  shown  in  figure  33,  is  to 
prevent  ice  from  forming  on  the  engine  in  its  air  inlet  area.    Heat  for 
anti-icing  is  provided  by  routing  hot  14th  stage  compressor  air  to  the 
inlet  area.    There  it  is  routed  through  hollow  struts  and  ducts  to  prevent 
ice  from  forming.    After  heating  the  inlet  area,  the  hot  14th  stage  air 
is  then  discharged  into  the  front  of  the  compressor. 

The  items  of  the  engine  that  are  anti-iced  are  the  air  inlet  housing, 
inlet  guide  vanes,  and  the  lower  half  of  the  torquemeter  housing  shroud. 

The  parts  of  the  anti-icing  system  are  the  anti-icing  master  switch, 
anti-icing  solenoid  valve,  and  two  anti-icing  air  valves. 

1.      Master  Switch. 

a.      Purpose  -  Provides  control  over  the  anti-icing  systems 
on  the  aircraft. 


b.      Location  -  On  the  anti-icing  control  panel  in  the  cockpit. 

2.  Anti-Icing  Solenoid  Valve. 

a.  Purpose  -  Provides  primary  control  of  the  engine  anti- 
icing  system. 

b.  Location  -  At  the  11  of clock  forward  position  on  the 
compressor  case. 

3.  Anti-Icing  Air  Valves. 

a.  Purpose  -  To  control  the  flow  of  anti-icing  air  to  the 
air  inlet  housing. 

b.  Location  -  Bolted  to  the  air  inlet  housing  at  the  3  and 
9  o'clock  position. 

4.  Anti-Icing  Air  Lines. 

a.  Purpose  -  To  route  hot  14th  stage  air  from  the  diffuser 
to  the  anti-icing  air  valves. 

b.  Location  -  Between  the  anti-icing  system  parts. 
TIT  Indicating  System 

The  purpose  of  the  TIT  indicating  system,  shown  in  figure  J4 ,   is  to 
monitor  the  temperature  of  the  combustion  gases  at  the  turbine  inlet  and 
send  an  indication  to  the  gage  in  the  cockpit.     The  temperature  of  the 
engine  must  be  monitored  and  controlled  to  prevent  the  engine  from  getting 
too  hot.    This  could  lead  to  quick  deterioration  of  the  turbine  section 
which  could  cause  an  engine  failure  and  change. 
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Figure  34.    TIT  System. 
The  parts  of  the  TIT  indicating  system  are: 
1.  Thermocouples. 

a.  Purpose  -  To  measure  the  temperature  of  the  combustion 
gases  at  the  turbine  inlet.  <-uffluustion 

b.  Location  -  Around  the  turbine  inlet  case. 

c.  Type  -  Alumel,  chrome!. 
Indicator. 

a.  Purpose  -  To  indicate,  to  the  engine  operator,  the 
tempc    ;ure  of  the  turbine  inlet  gases,  in  degrees  Celsius. 

b.  Location  -  On  the  engine  instrument  panel  in  the  cockpit, 
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TACHOMETER 
GENERATOR 


Figure  35*    RPM  Indicating  System. 


RPM  Indicating  System 

The  purpose  of  the  rpm  indicating  system,  shown  in  figure  35,  is  to 
give  an  indication  to  the  pilot  of  the  speed  of  the  compressor.  This 
indication  will  be  in  percent  of  the  maximum  rpm.    For  example,  when  the 
indicator  shows  100%  the  actual  rpm  is  13,820  and  when  the  indicator 
shows  94Z,  the  actual  rpm  is  13,000. 

It  is  important  to  monitor  the  rpm,  because  if  the  turbine  is 
allowed  to  overspeed,  the  blades  could  stretch  due  to  the  excessive 
centrifugal  force.    This  could  cause  the  turbines  to  drag  or  rub 
against  the  case,  which  could  cause  an  engine  failure. 

The  rpm  indicating  system  consists  of  the  following  parts: 

1.     Tachometer  Generator. 


a.      Purpose  -  To  send  a  variable  voltage  signal  to  the  indicator, 


for  measuring  rpm. 

b.      Location  -  On  the  right-hand  rear  side  of  the  RGB. 

2.      Tachometer  Indicator. 

a.      Purpose  -  To  indicate,  to  the  pilot,  the  speed  of  the 
compressor  in  percent  of  maximum  rpm. 


Torque  Indicating  System 

The  purpose  of  the  torque  indicating  system,  shown  in  figure  30,  is 
to  provide  a  way  of  measuring  the  torque  produced  by  the  power  section. 
The  torque  reading  will  be  in  inch-pounds  of  torque. 


Location  -  On  the  engine  instrument  panel  in  the  cockpit. 
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The  monitoring  of  the  torque  produced  is  important  so  as  not  to 
overstress  the  drive  parts  and  the  propeller.    Too  ouch  excessive  torque 
could  even  cause  the  torquemeter  shaft  to  shear  or  break.    This  would 
cause  an  engine  shutdown  and  possible  an  aborted  mission. 

The  torque  indicating  system  parts  consists  of  the  indicator,  torque- 
meter  pickup,  and  the  torquemeter. 

1.  Indicator* 

a*      Purpose  -  To  indicate  to  the  pilot  the  amount  of  torque 
being  produced  by  the  engine  power  section  in  inch-pounds. 

b.      Location  -  In  the  engine  instrument  panel  in  the  cockpit. 

2.  Torquemeter  Pickup. 

a.  Purpose  -  To  measure  the  amount  of  twist  in  the  torque- 
meter shaft  and  send  an  electrical  signal  to  the  indicator. 

b.  Location  -  The  left-hand  forward  side  of  the  torquemeter 

housing. 

3.  Torquemeter. 

a*      Purpose  -  To  transfer  the  torque  produced  by  the  power 
section  of  the  engine  to  the  RGB  and  provide  a  unit  from  which  the  torque 
can  be  measured. 

b.      Location  -  Inside  the  torquemeter  housing,  between  the 
power  section  and  the  RGB. 

Negative  Torque  Signal  (NTS)  System 

The  NTS  svstem,  shown  in  figure  31,  is  used  to  keep  the  prop  from 
driving  the  eagine.    This  occurs  when  negative  torque  exists.     It  does 
this  by  signalling  the  propeller  control  to  increase  the  blade  angle. 
This  will  put  more  drag  on  the  prop  and  thereby  remove  the  negative  torque 
condition. 

The  negative  torque  signal  system  consists  of  the  following: 
1.      Ring  Gear. 

a.      Purpose  -  Acts  as  a  sensing  device  and  wil]  move  forward 
lo  move*  the  NTS  plunge"*  forward  when  a  negative  torque  condition  exists. 

1).      Loc.it  ion  -  In  the  front  case  of  the  RGB, 

I.      NTS  Plunger. 

a.  Purpose  -  To  transmit  ring  gear  movement  to  the  NTS 

bracket • 

b.  Location  -  At  the  1  o'clock  position  on  the  front  case 
of  the  RGB. 
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3.      NTS  Bracket- 

a.  Purposfe Actt  as  the  final  linkage  to  transmit  the  ring 
gear  movement  to  the  propeller  control  assembly. 

b.  Location  -  At  the  1  o'clock  position  in  front  of  the  NTS 
plunger  on  the  front  case  of  the  RGB. 

F1re  Warning  and  Overheat  Warning  Systems 

While  the  previous  systems  are  required  for  proper  operation  of 
the  engine^  the  overheat  and  fire  warning  systems  are  not.  Instead, 
they  are  used  to  signal  the  pilot  when  the  engine  is  malfunctioning. 
To  be  more  specific,  to  tell  him  when  it  is  on  2: ire  or  overheating. 

There  are  three  systems  that  will  do  this.    The  fire  warning, 
turbine  overheat  warning,  and  nacelle  overheat  warning  systems. 

The  fire  warning  systems  is  used  to  detect  a  fire  in  one  of  the  five 
engines  (four  main  and  one  GTC).    The  turbine  overheat  warning  system  is 
used  to  detect  an  overheat  condition  in  the  turbine  area  of  the  four  main 
engines.    The  nacelle  overheat  warning  system  is  used  to  detect  an  over- 
heat condition  in  the  four  engine  nacelles. 

Parts  of  the  fire  warning  and  overheat  warning  systems  consists  of 
the  following: 

1.  Fire  Warning  System. 

a.  Master  Light. 

(1)  Purpose  -  To  indicate  to  the  pilot  when  there  is  a 
fire  in  one  of  the  five  engines. 

(2)  Location  -  On  the  pilot1 s  instrument  panel. 

b.  Fire  Handles  (T-Handles)  (5). 

(1)  Purpose  -  To  indicate  which  engine  the  fire  is  in. 

(2)  Location  -  Emergency  fire  control  panel. 

2.  Turbine  Overheat  Warning  System. 

a.  Master  Light. 

(1)  Purpose  -  To  indicate  to  the  pilot  when  an  overheat 
condition  exists  in  one  of  the  four  main  engines. 

(2)  Location  -  On  the  pilot1 s  instrument  panel. 

b.  Turbine  Overheat  Warning  Lights  (A). 

(1)    Purpose  -  To  indicate  which  one  of  the  four  main 
engines  is  in  a  turbine  overheat. 
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(2)    Location  -  In  the  four  main  engine  T-handles  on  the 
emergency  fire  control  panel. 

3.      Nacelle  Overheat  Warning  System. 

a.      Overheat  Warning  Lights  (4). 

_  (1)    Purpose  -  To  indicate  an  overheat  condition  in  one 

of  the  four  engine  nacelles. 

(2)    Location  -  In  the  copilot's  instrument  panel. 

QUESTIONS 

1.  What  is  the  purpose  of  the  engine  systems  used  on  the  T56? 

2.  What  system  prevents  surges  and  stalls  of  the  compressor? 

3.  What  are  the  parts  used  in  the  ignition  system? 

4.  What  systems  provide  performance  data  of  the  engine  and 
propeller?  6 

5.  What  system  monitors  the  temperature  of  the  engine? 

6.  What  are  the  parts  used  in  the  starter  system? 

7.  What  is  the  purpose  of  the  engine  oil  system? 

8.  What  system  prevents  ice  from  forming  on  the  engine? 

9.  What  is  the  purpose  of  the  fuel  system? 

10.    What  is  the  purpose  of  the  negative  torque  signal  system? 
U.    What  is  the  purpose  of  the  fire  and  overheat jgarningjystem? 

•All  BEARINGS  -  RADIAL  AND  AXIAL  LOADS 


AXIAL    ,  LOAD 


Figure  SB.    Ball  Bearings. 
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Figure  37.    Roller  Bearings.  . 

T56  MAIN  BEARINGS  AND  SEALS 

The  T56  engine  uses  four  main  shaft  bearings.    One  is  a  ball  bearing 
and  three  are  roller  bearings,  see  figures  36  and  37.     Ball  bearings  are 
used  to  take  up  both  radial  and  axial  loads,  whereas  roller  bearings  take 
up  radial  loads  only.    Ball  bearings  are  sometimes  called  thrust  bearings. 
In  a  T56,  the  compressor  rear  (No.  2)  bearing  is  the  thrust  bearing. 

The  compressor  front  bearing,  or  No.  1  bearing,  is  located  in  the 
air  inlet  housing.    The  No.  1  bearing  is  a  roller  type  bearing  and  sup- 
ports the  radial  load  at  the  front  of  the  compressor. 

The  compressor  rear  bearing,  or  No.  2  bearing,  is  located  in  the 
compressor  diffuser.    The  No.  2  bearing  is  a  ball  bearing  and  supports 
the  radial  and  axial  load  of  the  compressor. 

The  turbine  front  bearing,  or  No.  3  bearing,  is  located  in  the 
turbine  inlet  housing.     The  No.  3  bearing  supports  the  radial  load  at 
the  front  of  the  turbine. 

The  turbine  rear  bearing,  or  No.  4  bearing,  is  located  in  the  rear 
bearing  support.    The  No.  4  bearing  supports  the  radial  load  at  the  rear 
of  the  turbine. 

These  bearings  need  to  be  lubricated  to  operate  properly.     But  this 
lubricating  oil  cannot  be  allowed  to  leak  into  the  engine.  Therefore, 
the  T56  engine  uses  "labyrinth  seals"  to  keep  the  oil  from  leaking  out 
of  the  bearing  areas.     The  labyrinth  seal-s  use  a  series  of  baffles  where 
6th  or  14th  stage  air  is  used  to  prevent  the  oil  from  leaking  over  them. 
These  labyrinth  seals  are  used  in  each  bearing  area  for  a  total  of  four 
seal  assemblies. 
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QUESTIONS 

1.  How  many  main  bearings  are  used  on  a  T56  engine? 

2.  How  many  ball  (thrust)  bearings  are  used  in  a  T56  engine? 

3.  What  prevents  oil  from  leaking  out  of  the  bearing  cavities? 

4.  What  is  used  to  pressurize  the  labyrinth  seals? 

5.  What  type  of  bearings  are  used  in  a  T56  engine? 
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GLOSSARY 

ACCELERATION  -  The  race  of  change  in  velocity  (a  change  in  speed) • 
ACTUATOR  -  Something  which  transmits  motion. 

AIR  START  -  Engine  start  made  in  flight,  using  ram  air  to  rotate 
the  engine  compressors  or  propeller. 

AMBIENT  AIR  -  Air  surrounding  all  sides  of  an  engine,  air  available 
for  consumption. 

ANNEALING  -  A  process  of  heat  treating  to  soften  metal. 

ANTI-ICING  -  Prevention  of  ice  formation. 

AXIAL  -  Along  an  axis. 

AXIAL  FLOW  -  Refers  to  the  path  of  air,  as  it  passes  slong  the 
axis  (or  shaft)  of  engine  rotating  assembly. 

BAFFLE  -  An  obstruction  designed  to  control  the  flow  of  air  or 
fluids. 

COMBUSTION  CHAMBER  -  A  place  where  fuel  and  air  are  mixed  and 
the  fuel  burned. 

COMPRESSOR  BLADE  (ROTOR)  -  A  rotating  airfoil-shaped  component 
which  moves  air. 

COMPRESSOR  VANE  (STATOR)  -  A  stationary  airfoil-shaped  component 
which  raises  pressure. 

COMPRESSOR  STAGE  -  One  row  of  rotating  blades  (rotor)  plus  one 
row  of  stationary  vanes  (stators). 

COMPRESSOR  SURGE  -  A  disturbance  of  normal  airflow,  sometimes 
known  as  a  stall. 

DIFFUSER  -  A  rapidly  expanding  area  where  air  from  the  compressor 
is  directed  to  the  combustion  section  and  to  other  internal  and  external 
takeoffs.    Used  to  increase  pressure  and  decrease  velocity. 

DUCT  -  A  passage  which  contains  and  controls  the  flow  of  gases  in 
motion. 

CONVERGENCE  DUCT  -  Becoming  continuously  smaller  in  Lhe  direction 
of  flow. 

*      <&   *\Mt_       DIVERGENT  DUCT  -  Becoming  continuously  larger  in  the  direction  of 

^iow. 

ENERGY  -  The  ability  to  do  work. 
FLAMEOUT  -  Unintentional  flame  atoppage. 
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MANIFOLD  -  A  connecting  pipe  which  may  take  any  of  various  forms. 

NOMENCLATURE  -  Technical  name  or  description  of  an  item. 

NOZZLE  -  A  duct  of  varying  cross-section,  used  in  discharging 
liquids  or  gases,  in  which  the  velocity  of  the  fluid  or  gas  is 
increased. 

OVERTEMP  -  An  EGT  in  excess  of  the  maximum  allowable  for  a  given 
condition. 

PNEUMATIC  -  Relating  to  air  or  air  pressure. 

PROBE  -  A  small  diameter  sensing  element  extending  into  the  air 
or  gas  stream  to  measure  pressure,  temperature,  or  velocity. 

RADIAL  -  Branching  outward  from  the  common  center. 

RAM  AIR  -  The  pressure  buildup  at  the  engine  inlet,  created  by 
the  forward  motion  of  the  aircraft. 

SCAVENGE  -  Remove  residue. 

STANDARD  DAY  -  A  set  of  theoretical  atmospheric  conditions,  used 
as  a  reference  in  making  TO  charts  which  are  used  for  making  engine 
adjustments  and  computing  thrust. 

STATIC  -  Not  moving. 

START  -  To  successfully  bring  the  engine  into  operation. 
SUMP  -  A  low  place  where  fluid  will  collect. 

TACHOMETER  -  A  device  which  shows  the  rotational  speed  of  a  shaft 

TECHNICAL  ORDERS  (TOs)  -  Printed  and  detailed  information  concern 
operation,  maintenance,  inspection,  and  repair  of  Air  Force  equipment, 

TORQUE  -  A  force  that  will  produce  rotation. 

TORQUE  VALUE  -  The  amount  of  force  applied;  common  units  are 
inch-pounds  or  foot-pounds. 

TOXIC  -  Poisonous  or  injurious  to  respirator  organs. 

TRIM  -  To  adjust  properly. 

TRIM  CHARTS  -  Reference  charts  consulted  while  making  adjustments 
on  the  engine  (found  in  equipment  technical  orders), 

THERMO  -  Relating  to  heat. 

THERMOCOUPLE  -  A  temperature  sensing  device. 

THRUST  -  The  forward  force  produced  in  reaction  by  the  escaping 
gases  in  jet  propulsion.  Formula:  Thrust  -  Mass  times  Acceleration 
(T  -  M  x  A) , 

THRUST  AUGMENTATION  -  Any  method  of  temporarily  increasing  thrust 
TURBULENCE  -  A  disturbed  pattern  of  airflow. 
WELDMENT  -  A  welded  assembly. 


46 


U9 

 WORKBOOK 

3ABR42632-WB-103E 


Technical  Training 


Jet  Engine  Mechanic 


JET  ENGINE  THEORY 


9  June  1978 


CHANUTE  TECHNICAL  TRAINING  CENTER  (ATC) 
3350  Technical  Training  Group 
Chanute  Air  Force  Base,  Illinois 


DESIGNED  FOR  ATC  COURSE  USE 


DO  NOT  USE  OA  TAE  J03 


RGL:  N/A 


Jet  Engine  Branch 
Charm  te  AFB9  Illinois 


3ABR42632-WB-103E 


JET  ENGINE  THEORY 

OBJECTIVES 

When  you  have  completed  this  workbook  and  your  classroom  instruc- 
tion, you  will  be  able  to: 

1.  Define  the  terras  and  state  the  principles  of  jet  engine 
operation. 

2.  State  the  application  of  Newton's  third  law  of  motion. 
3»      State  the  application  of  Bernoulli's  principle. 

EQUIPMENT 

Basis  of  Issue 

3ABR42632-SG-103  1/student 

PROCEDURE 

Using  the  information  presented  in  the  classroom  presentation, 
discussion,  study  guide,  and  aid  from  the  instructor,  fill  in  the  spaces 
provided  with  the  correct  information. 

1,      Given  the  meaning  of  each  term. 


a. 

Mass  - 

b. 

Acceleration  - 

c. 

Density  - 

d. 

Velocity  - 

c. 

Pressure  - 

f. 

Humidity  - 

g- 

Thrust  - 

2.      Newton's  third  law  of    states  that  for  every 

  there  is  an    and  

reaction. 

a.      Name  two  examples  that  would  illustrate  Newton's  third 
law  of  motion. 

(1)  

(2)   

Supersedes  3ABR43230-WB-103E,  11  July  1974. 
OPR:     3350  TCHTG 
DISTRIBUTION:  X 

3350TCHTG/TTGU-J  -  2400;  TTVSA  -  1 
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3.      Bernoulli's  principle  states  that  when  gases  or   

flow  through  a  pipe  whose  cross  sectional  diameter  varies, 

will  be  the  greatest  where  the  cross  section  is  the  greatest,  and  the 

  will  be  the  least. 

a.  Simply  stated,  and    vary 

inversely  with  each  other  in  Bernoulli's  principle. 

b.  List  the  three  types  of  ducts  below. 
(1) 
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(2) 
(3) 


c.      Explain  what  happens  to  PRESSURE  and  VELOCITY  in  each 
of  these  ducts. 


(1) 
(2) 
(3) 


4.      The  engine  manufacturer  uses  standard  day  conditions  to  make 
comparisons  for  engine   and  computing 

a.      What  are  the  three  standard  day  (atmospheric)  condi- 
tions that  affect  thrust? 


(1) 
(2) 
(3) 


b.      What  happens  to  thrust  in  the  following  atmospheric 
conditions? 

(1)    Temp  increases,  thrust 


(2)  Humidity  increases,  thrust 

(3)  Pressure  increases,  thrust   . 

5.      Jet  Engine 

a.      Definition  -  a   device  which  develops 

forward  thrust  by  accelerating  a   rearward  through  a 

jet  or  nozzle. 
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b.      Types  of  jet  engines. 
(1)  Ramjet 

(a)    The  abbreviation  for  ramjet  is 


(b)  The  ramjet  is  the    type  of  jet  engine. 

(c)  The  ramjet  cannot  from  rest* 

(2)  Turbojet 

(a)  The  abbreviation  for  turbojet  is  . 

(b)  Most  used  type  of  jet  engine. 

(c)  The  turbojet  can  create  thrust  from  rest  because 
lt:  has  a   and   wheel. 

(3)  Turboprop 

(a)  The  abbreviation  for  turboprop  is    . 

(b)  The  turboprop  engine  has  reduction  gears  to 
keep  the    speed  within  practical  limits. 

(4)  Turbo fan 

(a)    The  abbreviation  for  turbofam  is    . 


(b)    The  turbofam  produces  a  air- 
tream  of  high  velocity  which  greatly  increases  thrust. 

6.      Classification  of  Turbojet  Engines 

a.      Classification  of  turbojet  engines  is  determined  by  the 
type  of   


b.  Turbojet  engines  have  two  types  of  compressors.  They 
are  called  and    flow. 

c.  Centrifugal  flow  is  when  the  airflow  through  the 
engine  is    to  the  axis  of  the  engine. 

d.  Axial  flow  is  when  the  airflow  through  the  engine  is 
 to  the  axis  of  the  engine. 


e.  In  an  axial  flow  engine  one  row  of    blades 

and  one  row  of  vanes  makes  one  stage  of  compression. 

f .  Remember  that  <   blades  accelerate  air 

*nd  vanes  compress  air.* 
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7.      Directions  in  reference  to  a  turbojet  engine 

a.  Stand  at  the   facing  engine. 

b.  The  numbering  of  units  is   from  the  rear. 

REVIEW  QUESTIONS 

1.  Definitions 

e.      The  rate  of  change  of  position  in  relation  to  time  is 
defined  as  . 

 is  defined  as  a  force  exerted  against 

an  opposing  body. 

c.  The  forward  force  produced  by  exhaust  gases  escaping 
rearward  is  . 

d.  Simply  stated,  Bernoulli's  principle  says  that 
 ,   vary  inversely  with  tach  other. 


e.      Newton's  third  law  of  motion  states  that 


f.      A  change  in  velocity,  either  positive,  or  negative,  is 
defined  as   

8-  is  water  vapor  in  the  air. 

h.      Mass  per  unit  of  volume  is  defined  as 
2.      Bernoulli's  Principle 


a.  Velocity  increases;  pressure  decreases  in  a 

duct. 

b.  Making  water  squirt  farther  from  a  water  hose  is  an 
example  of  increasing   . 

c.  Pressure  and  velocity  will  in  a 

straight  duct. 

d.  Velocity  will   in  a  convergent  duct. 

e.  Velocity  decreases  and  pressure  increases  in  a 

duct* 


3.      Newton's  Third  Law  of  Motion 

a.      Newton T 8  third  law  of  motion  states  for  every  action 

there  is  an  and   reaction. 
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b.     The  kick  you  get  from  firing  a  shotgun  is  the 


c.  The  action  of  the  exhaust  gases  being  expelled  rearward 

from  a  Jet  engine  is  the  _,  the  aircraft  being  propelled 

forward  is  the   

d.  If  the  rearward  force  of  a  jet  engine  is  1000  pounds,  the 
forward  force  will  be  pounds. 

4.      Jet  Engines 

«.      Name  the  type  of  jet  engine  designated  by  each  of  the 
following  symbols: 


RJ 
TP 
J 
T 


b.  Two  types  of  compressors  used  in  turbojet  engines  are 
  and 


c.      When  airflow  is  parallel  to  the  axis  of  the  engine,  the 
compressor  is  known  as  an    flow  compressor. 

***      ^e  -  .   does  not  have  a  compressor  or  turbine, 

and  therefore,  is  unable  to  accelerate  from  rest. 

e.      Which  jet  engine  produces  a  secondary  airstream  rearward 
at  a  high  velocity?   

.  ,  f  *  engines  have  a  capability  of  taking 

off  and  landing  on  short  runways. 

g.      An  attempt  to  fly  to  the  noon  using  a  turbojet  engine 
would  be  of  little  use.  Why? 


5.      Standard  Day  Conditions 

«.      List  the  standard  day  settings  used  to  compute  thrust. 
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b.     List  the  three  atmospheric  conditions  which  will  affect 
Jet  engine  thrust. 


c.  If  there  is  an  increase  in  barometric  pressure,  thrust 
will  . 

d.  A  decrease  in  humidity  would   thrust. 

e.  If  temperature  increases  and  pressure  decreases,  thrust 


will 


f.  More  thrust  is  developed  by  a  jet  engine  on  a  (cool)  or 

(hot)  day. 

g.  More  thrust  is  developed  by  a  jet  engine  on  a  (wet)  or 

(dry)  day. 

6.     Pill  in  the  blanks  under  the  following  illustrations. 


r 
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Figure  2  Illustrates  the  Difference 
Between  Mass  and 


Figure  1  Illustrates  the  3  Types 

of  Ducts  Applying  Principle. 

Label  Each  Duct. 


Figure  3     Illustrates  the  Major   Assembly  of  a 

Turbojet  Engine.    It  Consists  of  the  (1)   ,  (2) 

and  (3)  .  '  " 
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Figure  6  shows  a 


Jet  Engine . 
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Figure  7  Illustrates  the 
  Section  of  a 


Turbojet  Engine. 


Figure  8  Illustrates  the 
Section  of  a  Turbojet  Engine. 
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AIRCRAFT  AND  ENGINE  DESIGNATIONS 

OBJECTIVES 

When  you  have  completed  this  workbook  and  your  classroom  instruction, 
you  will  be  able  to  identify  the  meaning  of  each  part  of  aircraft  and 
engine  designations, 

EQUIPMENT 

None 

PROCEDURE 

Using  the  information  presented  in  the  classroom  discussion,  and 
aid  from  the  instructor,  fill  in  the  spaces  with  the  correct  information. 

Section  1.  -AIRCRAFT  DESIGNATION 

1.  Basic  Mission  Symbol.  (IJ-52D) 

a.  The   

is  used  to  indicate  the  primary  intended  function  of  the  aircraft. 

b.  Examples  of  some  Basic  Mission  Symbols  are: 
B  «   

C  -   

F  -   

T  -   

2.  Design  Number.  (B-52D) 

a.  The  designates  the 

general  design  of  the  aircraft. 

b.  Using  the  aircraft  designation  shown  in  paragraph  2,  the 
"52"  would  indicate  the   design  number. 

3.  Series  Letter.  (B-52D) 

a.      The  indicates  the  number 

of  major  changes  to  the  aircraft  structure  or  to  its  equipment.   (After  "A" 
series) 


Supersedes  3ABR43230-WS-103A,  1  July  1971;  3ABR42632-WB-103I,  7  April  1976. 
OPR:     3350  TCHTG 
DISTRIBUTION:  X 

3350  TCHTG/TTGU-J  -  2500;    DAV  -  1 
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b.  The  first  production  B-52  was  the   series.  Along 

came  a  major  change  and  we  had  the  series. 

c.  The  letter  "Dl!  in  the  aircraft  designation  B-52D  indicates 
the  major  change  to  the  B-52  aircraft. 

k.      Modified  Mission  Symbol,  (KC-135A) 

a.  The  indicates 

"present  use"  of  the  aircraft. 

b.  Some  examples  of  the  modified  mission  symbols  are: 
K  -  

R  -  

V  -  

W  -  m  

c.  Using  the  aircraft  designation  in  paragraph  4,  the  letter 

"Cft  would  indicate  the  aircraft  was  originally  designed  to  be  a   . 

but  is  now  being  used  as  a   aircraft. 

5.      Status  Prefix  Letter.  (XB-70A) 

a.      The  * 


when  used,  identifies  the  status  of  the  aircraft  when  it  is  not  in  normal 
everyday  use. 

b.      There  are  six  status  prefix  letters  in  all,  but  the  two 
most  familiar  are: 

X  m    -  aircraft  in  a  developmental  stage. 

"  ™~~  but  not  for  service  u3e. 


-  aircraft  that  are  obtained  in  limited 
quantities  for  service  test. 


In  case  you  are  interested,  the  others  are: 
G  «=  Permanently  Grounded 
J  -  Special  Test,  Temporary 
N  «  Special  Test,  Permanent 
Z  *  Planning 
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c.     Using  the  aircraft  designation  as  shown  in  paragraph  5, 
the  status  prefix  letter  is   would  signify   


6,      Write  the  description  and  meaning  of  each  letter  and  number  in 
the  aircraft  designation  below. 

YRB-58B 

Y  -  ,  

R  -  .  

B  -  

58  -  

B  -   .   


Section  2.     ENGINE  DESIGNATION 

1.  Type  Letter.  (J57-P-19W) 

a<      xhe   designates  the  type  of 

engine. 

b.      Some  examples  of  engine  type  letters  are: 

RJ  -   

J  -   

T  -  

F/TF  -  

2.  Model  Number  (J57-P-19W) 

a.  The  identifies  a  specific 

engine  within  a  type. 

b.  Even  model  numbers  are  assigned  to  engines  designed  for 

the   • 

c.  Odd  model  numbers  are  assigned  to  engines  designed  for 

the  • 

3.  Manufacturer's  Code  Letter.  (J57-P-19W) 

a.      The  identifies 

the  manufacturer  of  the  engine. 

A 
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b.  The  will  always  be 

between  the  two  numbers  in  the  designation. 

c.  Some  manufacturer's  code  letters  are: 
P  -  

F  -  

GE  -  

A  -  

d.  Using  the  designation  shown  in  paragraph  3,  the 
manufacturer  of  this  engine  is   . 

4.  Series  Number.  (J57-P-19W) 

a.  The  identifies  the 

series  of  engine. 

b.  If  the  series  number  is    the  engine  is 

being  used  by  the  Air  Force. 

c.  If  the  series  number  is    the  engine  is 

being  used  by  the  Navy. 

d.  Using  the  designation  T56-A-9,  complete  the  following: 
Engine  type 

Designed  for  the   

Manufactured  by   

Used  by  the   

5.  Series  Modification  Letter.  (J57-P-19W) 

a.  The  indicates 

a  minor  change  to  the  series. 

b.  The  "W,!  in  the  designation  in  paragraph  5,  indicates 


6.      Classification  Letters.  (XJ57-P-19W) 

a.      The  indicates  the  status  of 

the  engine  when  it  is  not  in  normal  use. 
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b.      TWo  of  the  most  frequently  used  classification  letters  are 

X  -  

Y  -  

7.      Write  the  description  and  meaning  of  each  letter  and  number  in 
the  engine  designation  below. 

YJ33-F-1W 

Y  -   

J  -   

33  - 


F  - 
1  - 
W  - 


REVIEW  QUESTIONS 

1.      Aircraft  Designation. 

a.  What  does  the  Modified  Mission  Symbol  indicate? 

b.  What  is  the  meaning  of  the  Basic  Mission  Symbol? 

c.  Define  the  following  Basic  Mission  Symbols. 
F  -   

T  -  

B  -   

C  -   

d.  Define  the  following  Modified  Mission  Symbols. 
R  -   

K  -   

W  -   

V  -   

e.  What  is  the  purpose  of  the  Series  letter? 
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f .  In  the  designation  F-100F,  how  many  changes  have  there 
been  to  the  aircraft?   . 

g.  What  is  the  meaning  of  the  Status  Prefix  Letter? 

h.  What  do  the  following  Status  Prefix  Letters  indicate? 
X  -  

Y  -  

i.  Which  status  prefix  letter  indicates  those  aircraft  that 
are  obtained  in  limited  quantities  for  service  test? 

j.      Write  the  description  and  meaning  of  each  letter  and 
number  in  the  aircraft  designation  VC-137E. 


V  - 
C  - 
137  - 
E  - 


k.      Fill  in  the  blanks  using  the  aircraft  designation  XB-70A. 

Design  Number  ^  

Basic  Mission  Symbol  

Series  Letter 

Status  Prefix  Letter   

1.      Write  the  description  and  meaning  of  each  letter  and  number 
in  the  aircraft  designation  XWB-66D. 

X  -  

W  -   _  

B  -    

66  -  

D  - 


2.      Engine  Designation. 

a.      What  is  the  meaning  of  the  Type  letter? 
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b.     Circle  the  Type  letter  in  this  engine  designation. 
YJ79-GE-5A 

t 

c»     What  is  the  meaning  of  the  Classification  letter? 
d*     Circle  the  Classification  letter  in  this  engine  designation. 
XJ60-P-1A 

e.      Which  part  of  the  engine  designation  indicates  which  branch 

of  service  is  using  the  engine?  

f ♦     The  manufacturer  code  letter  for  Pratt  and  Whitney  is   

g.     The  manufacturer  code  letter  is  between  the   


and 


h.  The  engine  type  letter  for  a  turboprop  engine  is 

i.  The  classification  letter  "Y"  means   


j.      Circle  the  engine  series  number  in  this  designation. 
TF33-P-3A 

k.      A  minor  change  to  the  engine  series  is  the  .  


1,      Circle  the  series  modification  letter  in  this  designation. 
T34-P-9W 

m.      The  engine  type  letter  meaning  turbojet  is   


n.      Write  the  description  and  meaning  of  each  letter  and  number 
in  the  engine  designation  YJ79-GE-5A. 

Y  -     

J  -     

79  -  

GE  -     __ 

5  -  

A  -     
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o.     Fill  in  the  blanks  using  the  engine  designation  XJ37-F-59W. 

^  Series  Modification  Letter   

Manufacturer  Code  Letter   

Classification  Letter   

Series  Number   

Model  Number   

Type  Letter  


p.     An  easy  way  to  tell  the  difference  between  an  aircraft 
and  engine  designation  is  to  remember  that  the  engine  designation  has 

(sets)  of  numbers  and  the  aircraft  designation  has 


(set)  of  numbers* 


3.     Write  the  meaning  of  each  letter  and  number  in  the  aircraft 
designation  as  shown  in  the  example  below. 


R    F  -  4  C 


Status  when  not  in 
normal  everyday  use< 


Present  Use* 


Indicates  what  the 
acft  was  primarily 
for. 


Number  of  major  changes. 
(2nd  change) 


General  design  of  acft, 
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4.  Write  the  Mailing  of  each  letter  end  number  In  the  engine 
destitution  an  shown  In  the  example  below* 

X   J    57  -  P  -  29  W 


Status  when  not  In 
normal  everyday  use. 


Designates  the  kind 
of  engine. 


Engine  was  designed  for: 

Odd  numbers  ■   

Even  numbers  ■ 


Minor  change  to  the  series. 


Engine  being  used  by: 

Even  numbers  m   

Odd  numbers  ■   


Manufacturer 
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Jec  Engine  Branch 
Chanute  AFB,  Illinois 


3ABR42633-WB-105B 
10  March  1980 


T56  ENGINE  CASES  AND  PARTS 


OBJECTIVES 


When  you  have  completed  this  workbook  and  your  classroom  instruction, 
you  will  be  able  to  Identify  and  locate  the  T56  engine  cases  and  parts, 


EQUIPMENT 


T56  engine 

Selected  bearings  and  system  parts 


Basis  of  Issue 
1/15  students 
1/15  students 


PROCEDURE 


Use  the  information  given  in  the  classroom  presentation,  discussion, 
and  aid  from  the  instructor.     Fill  in  the  spaces  provided  under  the  illus- 
tration with  the  information  from  the  list  below  that  correctly  identifies 
each  item  in  the  figure. 


REDUCTION  GEAR  ASSEMBLY 

TORQUEMETER  ASSEMBLY  AND  TIE 
STRUT 

ACCESSORY  DRIVE  HOUSING 
ASSEMBLY 

COMPRESSOR  ASSEMBLY 
TURBINE  ASSEMBLY 
POWER  SECTION 
PROPELLER  SHAFT 
COMPRESSOR  AIR  INLET  HOUSING 
COMPRESSOR  DIFKUSER 
OUTER  COMBUSTION  CASINC 
COMI'KKSSOK  CASK 


INNER  COMBUSTION  CASING 
COMBUSTION  LINERS 
TURBINE  ROTOR 
REAR  BEARING  SUPPORT 
FUEL  NOZZLE 
BREATHER  ANTI- ICING 
REAR  SCAVENGE  PUMP 
NUMBER  4  BEARING 
NUMBER  3  BEARING 
NUMBER  2  BEARING 
NUMBER  1  BEARING 
TAILPIPE 


OPR:  J 350  TCHTG 
DISTRIBUTION:  X 

3350  TCKTC/TTCU-J  -  600;  TTVSA 


Designed  for  ATC  Course  Use.     Do  Not  Use  on  th«>  Job. 
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CHANUTE  TECHNICAL  TRAINING  CENTER  (ATC) 
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Jet  Engine  Branch 
Chanute  AFB,  Illinois 


3ABR42633-WB-105C 


T56  ENGINE  MAJOR  SECTIONS  AND  PARTS 


OBJECTIVES 


When  you  have  completed  this  workbook  and  your  classroom  instruction, 
you  will  be  able  to  identify  and  locate  the  major  sections  and  parts  of  a 
T56  engine. 


EQUIPMENT 


T56  engine 

Selected  bearings  and  system  parts 


Basis  of  Issue 
1/15  students 
1/15  students 


PROCEDURE 


Use  the  information  presented  in  the  classroom  presentation, 
discussion,  and  aid  from  the  instructor.    Fill  in  the  spaces  provided 
with  the  correct  information. 


1.      Compressor  Section  (Figure  1) 


Figure  1.    Compressor  Section, 
a.      The  purpose  of  the  compressor  section  is  to: 
(1)    Deliver  air  to  the   


under 


pressure. 


(2)     Create  a 


area  in 


front  of  the  combustion  chambers. 

(3)    Supply  air  for  all 


operated  units, 


b.      Type  of  compressor  section. 

(1)    Dual  ,  axial 


(a)     The  T56  has  (one)   (two)  compressors. 


OPR:    3350  TCHTG 
DISTRIBUTION:  X 
3350  TCHTG/TTGU-J 


600;  TTVSA  -  1 
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(b)    Airflow  through  the  engine  is    to  the 

axis  of  the  engine. 

(2)    Has    stages  of  compression. 

(a)  One  row  of   blades  and  one  row  of   

vanes,  equal  one  stage  of   . 

(b)   vanes  do  not  move,  but   

blades  do. 

c.      Compressor  Air  Inlet  Housing  (Figure  2) 


Figure  2.    Compressor  Air  Inlet  Housing. 

(1)  Contains    hollow  struts. 

(2)  Supports   bearings. 

(3)  Anti-iced  by    stage  air. 

d.      Compressor  inlet  guide  vanes  (Figure  3) 
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Figure  A*    Compressor  Rotor* 
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(1)  Secured  to  the  rear  face  of  the 
  housing. 


(2)  Consists  of  26  vanes  which  guide  the 
into  the    compressor. 

(3)  Anti-iced  by   


flow 


stage  air. 


e.      Compressor  (Figure  4) 

(1)  The  purpose  of  the  compressor  is  to  furnish  a  large 
mass  of  air  under  moderate  pressure  to  the    diffuser, 

(2)  Has  


(3)    Driven  by  the 


stages  of  compression, 
turbine. 


f.      Diffuser  case  (Figure  5) 


Figure  5.    Diffuser  Case. 

(1)  The  diffuser  case  is  a    duct,  which 

  pressure  in  front  of  the  combustion  section. 

(2)  The  diffuser  prepares  the  air  for  entry  into  the 
  chambers  by  converting  velocity  into   


(3)    14th  stage  air  is  taken  off  the 
anti-icing  and  for  air  operated  units. 


case  for 


4b  4 
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a.  Purpose:    To  provide  a  place  where  air,  under  pressure,  is 
mixed  with  fuel  for   .  • 

b.  Type  of  combustion  section 

(1)  The  T56  engine  has  a   combustion 

section. 

(2)  By  canannular,  we  mean  that  the  

(Figure  6)  are  located  between  an  inner  and  outer  case. 

(3)  The  INNER  CASE  is  called  the   

  bearing  support. 

(4)  The  OUTER  CASE  (Figure  7)  is  called  Mie   

 outer  casing. 

(5)  There  are   combustion  liners  numbered  clockwise 

around  the  engine,  starting  with  number  one  at  the   o'clock 

position. 

(6)  The  combustion  ____  are  housed  in  the  combustion  outer 

outer   casing  (Figure  7)  . 

c.  Approximately   percent  of  the  air  is  used  for 

cooling  and    percent  for  combustion. 

d.  The   are  used  to  carry  the  flame  from 

one  combustion  liner  to  another. 

e.  The  spark  igniters  are  mounted  in  the  case  and 

extended  in  numbers    and    combustion  liners  at  the 

5  and  7  o'clock  position. 

3.      Turbine  Section 

a.  Purpose:    Converts    energy  into  energy 

to  drive  the   and  accessories. 

b.  Type  of  turbine  section  in  the  T56  engine  is  , 

multirotor. 
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c.     Turbine  nozzles  (Figure  8) 

TUftllNE  WHEEL 


TUMINE 
NOZZLE 


ACTION 
FORCE 


Figure  8.    Turbine  Nozzle  Wheel. 

(1)  Purpose:    Increases  velocity  and  directs  the  exhaust 
gases  onto  the   a*  th©  most  effective  angle. 

(2)  There  is  one  turbine  nozzle  in  of  each 

turbine  wheel. 

(3)  The  turbine  rotor  assembly  is  housed  in  the   

_____   vane  casting. 


d.     Major  rotating  assembly  (Figure  8) 

(1)    The  two  major  parts  that  rotate  and  make  up  one  major 
rotating  assembly  are  the: 

(*)   

(b)   


v       (2)    A  T56  engine  has  major  rotating  assemblies. 

(Figure  8A) 

e.      Cooling  air  for  the  turbine  rotors. 

(1)    All  of  the  turbine  rotors  are  cooled  by   

stage  air. 
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Figure  8A»    Major  Rotating  Assembly. 
4.      Exhaust  Section  (Figure  9) 


Figure  9.    Turbine  Bearing  Support  and  Tailpipe, 
a.      The  purpose  of  the  exhaust  section  is  to: 

and  increases 


(1)  Reduce 
of  the  exhaust  gases. 


(2)    Provides  a 


exit  path  of  the  exhaust 


gases « 


(3)    Creates  a  nozzle  through  which  the  mass  is  accelerated 


to  produce 


b.      Parts  of  the  exhaust  section: 

(1)    Exhaust  struts:    Aids  in  keeping  the  gases  in  a 
  airflow  pattern. 


(2)    Exhaust  cone  (Figure  9):    Aids  in  controlling  the 
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(3)    Exhauit  nozzle  area  (Figure  9):    The  area  formed  by  the 
exhaust  cone  and  •    Thi»  *re*  ««•*••  a  nozzle 


through  which  the  aass  i»  accelerated  to  produce 
5,     Accessory  Section  (Figure  10) 


Figure  10.    Accessory  Case, 
a.      Purpose:    Provides  a  mounting  place  and  a  means  of  driving  the 


b.  The  T56  engine  has  an  accessory  drive  housing  called 

the  (ZD  • 

c.  Pover  to  drive  the  accessories  is  taken  from  the  compressor 


d.     List  three  engine  accessories. 

(1)  

(2)  . 

(3)  


REVIEW  QUESTIONS 

1.      Compressor  Section 

a.  State  the  purpose  of  the  compressor  section. 

b.  What  type  of  compressor  does  the  T56  engine  have? 
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c.     What  does  it  take  to  equal  one  stage  of  compression? 


d.  The  compressor  has  stages  of  compression. 
••     Which  engine  case  houses  the  compressor?   


f.     What  is  the  purpose  of  the  difffuser  case? 


g.     The  diffuser  case  increases  and  decreases 

2.      Combustion  Section 

a*     State  the  purpose  of  the  combustion  section.   


b.     What  type  of  combustion  section  does  the  T56  engine  have? 


c.  The  spark  igniters  are  mounted  in  the  case  at  the 

 and  o 1  clock  position  and  extend  into  the 

number  ^.^^^^ _  and  combustion  liners. 

d.  How  does  the  flame  spread  from  one  combustion  liner  to  the 
other?   

e.  The  T56  engine  has   individual  combustion  liners. 

f .  Approximately  75%  of  the  air  is  used  for   25%  for 


g.     Once  the  fuel  is  ignited,  the  burning  continues  until  the 

  is  shut  off* 

3.      Turbine  Section 

a.     State  the  purpose  of  the  turbine  section*   


b*     What  type  of  turbine  section  does  the  T56  engine  have? 
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c.      What  is  the  purpose  of  the  turbine  nozzles? 


d.     The  compressor,  turbine  rotors,  and  turbine  shaft  are  referred 

to  as  the  

•  •     Which  turbine  rotor(s)  are  cooled  by  14th  stage  air? 

f .     Where  are  the  turbine  wheels  housed?   


4.  Exhaust  Section 

a.  State  the  purpose  of  the  exhaust  section.   

b.  Name  the  part  of  the  exhaust  section  described  in  the 
following: 

(1)  Creates  a  nozzle  through  which  the  mass  is  accelerated 

to  produce  thrust.  ____  

(2)  Aids  in  controlling  the  exhaust  gas  temperature. 

(3)  Aids  in  keeping  the  exhaust  gases  in  a  straight  air 

flow  pattern.  

c.  The  exhaust  gases  escaping  rearward  produce  a  reacting  force 

forward  called.   

5.  Accessory  Section 

a.  State  the  purpose  of  the  accessory  section.   

b.  The  fuel  pump,  fuel  control,  and  speed  sensitive  control  are  a 
few  of  the  accessories  located  on  the   

c.  The  accessories  are  driven  by  a  vertical  drive  shaft  from  a 
gear  on  the  compressor   

d.  The    is  located  just  under  the    case. 
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Jet  Jtogine  Branch  3ABR42633-WB-105D 
Chanute  AFB,  Illinois  25  January  1980 

T56  ENGINE  MAIN  BEARINGS  AND  LABYRINTH  SEALS 

OBJECTIVES 

When  you  have  completed  this  workbook  and  your  classroom  instruction, 
you  will  be  able  to  identify  and  locate  the  main  bearings  on  a  T56  engine. 

EQUIPMENT 

Basis  of  Issue 
3ABR42633-SG-105  1/student 
T56  engine  1/15  students 

Selected  bearings  and 

engine  parts  1/15  students 

PROCEDURE 

Use  the  information  presented  in  the  classroom,  study  guide, 
engine,  and  aid  from  the  instructor.    Fill  in  the  spaces  in  this 
workbook  and  chart  with  the  correct  information. 

1.      Type  of  Bearings. 

a.  Roller  -  Absorbs  only  loads. 

b.  Ball  or  thrust  -  Absorbs  both   and 

  loads. 


2,  Labyrinth  Seals. 

a.  Purpose:    Used  to  form  an  air  seal  around  the  bearing  to 
prevent    from  leaking  from  the  bearing  compartments. 

b.  A  labyrinth  seal  must  have  against  it 

to  seal. 

3.  Main  Bearings. 

a.      Front  compressor  bearing. 


OPR:  3350  TCHTG 
DISTRIBUTION:  X 

3350  TCHTG/TTGU-J  -  600;  TTVSA  -  1 


t  Designed  for  ATC  Course  Use.    Do  Not  Use  on  the  Job. 
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compressor. 


compressor. 


compressor . 


(1)    Purpose:    Supports  the  front  of  the 


(2)    Type  load  - 


(3)  Type  bearing  - 

(4)  Location  -   


b.      Rear  compressor  bearing. 

(1)  Purpose:    Supports  the    load  of  the 

(2)  Type  load  -   and  

(3)  Type  bearing  -  or  thrust, 

(A)    Location  -   


c.      Turbine  front  bearing. 

(1)  Purpose:    Supports  the  front  of  the 

(2)  Type  load  -   


(3)  Type  bearing  - 

(4)  Location  -   


d.      Turbine  rear  bearing. 

(1)  Purpose:    Supports  the    load  of  the  rear 

compressor  and  the   load  of  the  turbine  rotor  assembly. 

(2)  Type  load  -    and   

(3)  Type  bearing  -  Ball  or   . 

(4)  Labyrinth  seals  pressurized  by  -   

(5)  Location  -  


ERLC 


413 


c 


NUMBER  OF       NAME  OF  TYPE  TYPE  LABYRINTH  SEALS 

BEARING  BEARING   LOAD  BEARING        PRESSURIZED  BY   LOCATION 


Chart  1.    T56  Engine  Bearings  and  Labyrinth  Seals. 
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REVIEW  QUESTIONS 


1. 


Roller  bearings  take  up 


loads. 


2. 


Another  name  for  a  ball  bearing  is 


bearing • 


3. 


Ball  bearings  take  up 


and 


loads. 


4.  Labyrinth  seals  are  pressurized  by   

5.  What  is  the  purpose  of  the  labyrinth  seals? 


6,  What  is  the  name  of  the  number  1  bearing?   

7.  Hov  are  the  number  1  and  number  2  labyrinth  seals  pressurized? 


8.  The  number  1  bearing  is  located  in  the   

of  the  air  inlet  housing, 

9.  The  wave  washer  is  considered  to  be  pressure ♦ 

10.  Which  bearings  are  thrust  bearings?   

11.  The  rear  compressor  bearing  is  the  number   bearing. 

12.  The  rear  compressor  bearing  is  located  in  the   case. 

13.  What  is  the  name  of  the  number  4  bearing?  

14.  The  number  4  bearing  is  located  between  the    shafts. 
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T56  ENGINE  SYSTEMS  AND  PARTS 


OBJECTIVES 

When  you  have  completed  this  workbook  and  your  classroom  instruc- 
tion, you  will  be  able  to  identify  basic  engine  systems  and  parts, 

EQUIPMENT 


PROCEDURE 

Use  the  information  presented  in  the  classroom,  discussion  and 
with  aid  from  the  instructor.    Identify  the  parts  of  each  system  by 
placing  the  number  from  the  figure  in  the  space  provided  by  the  name 
of  the  part.    Complete  the  incomplete  statements, 

1.      Starter  System. 


T56  Engine 

Selected  bearings  and 
system  parts 


Basis  of  Issue 
1/15  students 
1/15  students 


a. 


Purpose:    Rotates  the  engine  rotor  to  sufficient 
for  starting. 


Types  used  on  T56  engine. 


(1)  Pneumatic. 


(a) 


Most 


used  • 


(b) 


Requires 


air  supply. 


(c) 


Rotates  the 


compressor. 


OPR:  3350  TCHTG 
DISTRIBUTION:  X 

3350  TCHTG/TTGU-J  -  600;  TTVSA  -  1 
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Figure  1.     Starter  System, 

Starter  System 

a.   Air  compressor 

b.  Pneumatic  starter 

c.   Compressor 

2.      Ignition  System, 

a.      Purpose:    Provides  a  high  energy  spark  for 
the  fuel/air  mixture  in  the  combustion  chamber. 


b.      Types  of  ignition  systems. 

(1)    High  energy   

(a)  Most 


type. 


(b)    Used  for 


used . 

  only. 


(c)    Parts  of  high  energy  capacitor  type, 


Two 


electrical  charge  is  stored  for  a  sudden  release. 


Two 


units  where  the 


leads  that  carry 


the  electrical  current  from  the  exciter  units  to  the  spark  igniters 

  which  ignite  the 


3  Two 

fuel /air  mixture  in  number   

combustion  chambers. 


and 
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HP 


(2)    Other  types  include 


and 


c.      Caution:    Always  ground  the 


before  working  on  the  ignition  system. 


Figure  2.     Ignition  System. 

Ignition  System 

a.   Exciters 

b.   Leads 

c.    Igniters 

d.  The  spark  igniters  project  into  the  No, 
combustion  chambers. 


3.      Oil  System. 

a.  Purpose: 
bearings  and  gears. 


and  No, 


,  and 


b.      Types  of  oil  systems. 

(1)    sump. 

(a)  Oil  stored  in  an 

(b)  Used  on  the   


(2) 


sump , 


(a)    Oil  stored 


tank, 
engine. 

the  engine. 


(b)    Has  no  external  oil 
c.      Parts  of  the  oil  system. 

(1)    Tank  -  A  place  where  the 

4 


is  stored. 
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(2)    Pressure  pump  -  Delivers  oil  under  pressure  to 
all  parts  requiring  m  


(3)    Oil  filter  or  strainer  -  Filters  out 
particles  from  the  oil. 


(A)    Pressure  relief  valve  -  Regulates   

pressure. 

(5)  Oil  jets  -  Sprays  the  oil  onto  the  

and  • 

(6)  Scavenge  pump  -  Pumps  the  oil  through  or  around 
the  oil  cooler  and  back  to  the  • 

(7)  Oil  cooler  -  the  oil  before  it 

returns  to  the  tank. 

(a)  The  type  of  oil  cooler  used  on  the  T56  engine 

is  • 

(b)  The  type  oil  used  in  the  T56  engine  is 
(synthetic  base). 
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Figure  3.    Oil  System. 


Oil  System 

a.   

b. 


c. 
d. 
e. 
f . 

8- 
4. 


Tank 

Pressure  pump 
Filter 

Relief  valve 
Oil  nozzle 
Scavenge  pump 
Cooler 


Fuel  System. 

a.      Purpose:  Supplies 


to  the  engine  under 


pressure  during  all  engine  operating  conditions, 
b.      Parts  of  the  fuel  system. 

(1)    Tank  -  Mounted  in  the   


(2)    Fuel  filter  -  Filters  out  foreign 
before  they  reach  the  fuel  system. 


(3)    Fuel  purap  -  Delivers  fuel  under  pressure  to 


the 


(4)    Fuel  control  - 
temperature  datum  valve. 


fuel  to  the 


(5)  Fuel  flow  transmitter  -  Transmits  the  amount  of 
the  engine  is  using  to  the  indicator  in  the  cockpit 
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(6)    One  manifold  drain  valve  and  two  burner  drain 


valves  -  Allow  the  fuel  to  be  overboard  upon  engine 

shutdown. 

(7)    Fuel  manifold  -  Distributes  fuel  to  the 


(6)    Fuel  nozzles  -  Sprays  atomized  fuel  into  the 


(9)    Temperature  datum  valve  -    fuel 

to  the  fuel  manifold. 

(10)  Pressure  switch  -  Senses    fuel 

pressure. 

(11)  Primer  valve  -  Allows    to  bypass 

the  metering  section  of  the  fuel  control. 
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Figure  4.    Fusl  System. 

Fuel  System 

a.  Tank  (aircraft  mounted) 

b.  L°w  pressure  filter 

c.  High  pressure  filter 

d.  Fuel  nozzle 

e.  [  Manifold  drain  valve  (drip  valve) 

f .  Fuel  pump 

g.   Temperature  datura  valve 

h.  Fuel  control 

i.   Pressure  switch 

J.   Enrichment  (primer)  valve 

k.  Quick  disconenct  flange 

1.   Flow  meter  (aircraft  furnished) 

5.  Compressor  Bleed  System. 

a.  Purpose:    Aids  in  the  prevention  of   

and   by  bleeding  some  of  the   th  stage  and 

 th  stage  air  overboard. 

b.  Surges  and  stalls  can  be  defined  as  a  breakdown 
airflow  through  a  few  of  compression. 

c.  Parts  of  the  compressor  bleed  system. 

8 


(1)  The  sends  air 

under  pressure  to  the  bleed  valves. 

(2)  The  filter*  the  air  from 

the  diffuser. 

(3)  The  bleeds  excess  air  from 

the  compressor. 

d.      Surges  and  stalls  usually  occur  during   

and  . 


Figure  5.     Compressor  Bleed  System. 
Compressor  Bleed  System 

a-  Speed  sensitive  valve 

  Bleed  valve 

c-  Air  filter 

d.      The  compressor  bleed  valve  will  usually  bleed  off  5th  and 
10th  stage  air  during  ancj 

6.      Anti-Icing  System 

a.      Purpose:     To  prevent  ice  from  forming  on  the 
  section. 


from  the 


_th  stage  air  is  directed  to  the  inlet  section 
case . 


c.      Parts  of  the  anti-icing  system. 

(1)  

air  off  and  on.  —————— _ 


turns  anti-icing 


(2) 


flow. 


automatically  controls  the  air 


(3) 


provides  a  place  where  moisture  can  be  drained  from  the  inlet 

d.      Indications  of  ice  forming  on  inlet: 

(1)  . 

(2) 


area . 
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Figure  6.    Anti-Icing  System, 


Anti-Icing  System 


a. 
b, 

c. 
d. 
e. 
f . 

g- 
h. 


Anti-icing  air  valve 
Anti-icing  solenoid  valve 
Compressor  inlet  housing 
Torquemeter  anti-icing  shroud 
Anti-icing  vane 
Balance  line 


14th  stage  air 
_  Anti-icing  air  distribution  tube 


7-      Turbine  Inlet  Temperature  Indicating  System. 

a-      Purpose:     Indicates  the  turbine  inlet  teraeprature 
(TIT)  of  the   

b.      The  TIT  is  taken  at  the  rear  of  the 


section, 


The 


sense  heat  and  send  an  electrical 


signal  to  the  TIT  in  the  cockpit, 

d.      The  TIT  gauges  are  calibrated  in  degrees 
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Figure  7.    TIT  System 


TIT  System 


a. 
b. 


Thermocouple 
Indicator 


c.  TIT  is  read  in  degrees 
8.      Fire  Warning  System. 


a.      Purpose:    Indicates  an 
the  engine  area. 


condition  in 


b.      Parts  of  the  fire  warning  system. 


(1) 


are  located 


around  the  engine  area  sensing  overheat  conditions. 


(2) 


in  the  cockpit  warns  the  pilot  of  an  overheat  condition. 
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Figure  8.    Fire  Warning  System. 
Fire  Warning  System 

a.   Fire  detectors 

b.   Fire  warning  light 

9.      RFM  Indicating  System. 

a.      Purpose:    Indicates  the  rpm  of  the   

compressor. 

A  generator,  located  on  the  reduction 

gearbox,  sends  an  electrical  signal  to  the  cockpit  to  drive  the  rpm 
indicator. 

c.      The  rpm  indicator  indicates  the  engine  rpm  in 
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Figure  9.    RPM  System. 

RPM  System 

a.   Indicator 

b.   Tachometer  generator 

c.  The  rpm  indicator  reads  in   . 

10.      Torque  Indicating  System. 

a.  Purpose:    Indicates  to  the  pilot  how  much   

the  engine  is  producing. 

b.  The  torquemeter  magnetic  pickup  senses  the  offset  teeth 
caused  by  the  twisting  shaft  and  is  called  . 

c.  The  torquemeter  magnetic  pickup  sends  an  electrical 
signal  to  the  in  the  cockpit. 
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Figure  10,    Torque  Indicating  System. 
Torque  Indicating  System 

a.   Torquemeter  indicator 

b.   Torquemeter  pickup  assembly 

c.  Inner  shaft  exciter  wheel 

d.   Outer  shaft  exciter  wheel 

11.      Negative  Torque  System  (NTS) . 

a.  Purpose:    To  prevent  the  propeller  from   

b.  The  NTS  actuator  (plunger)  rod  is  mounted  in  the 
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Figure  11.    Negative  Torque  System. 


Negative  Torque  System  (NTS) 

a.   Gearbox 

b.    NTS  actuator  (plunger)  rod 

c.   Spring 
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REVIEW  QUESTIONS 

I.     Which  type  starter  is  used  when  no  air  supply  is 
aval  1  ab  1  e?   


I*- 


2#   starter  is  the  most  widely  used  type. 

3.  Which  system  provides  a  high  energy  spark  to  ignite  the 
fuel  in  the  combustion  chamber?  - 

4.  The  spark  igniters  are  located  in  number    and   

combustion  chambers • 


5.      The  T56  engine  uses  the  _ 
  type  ignition  system. 


6.      Name  two  types  of  oil  systems, 


and 


7.  Which  oil  system  is  used  in  the  T56  engine? 

8.  State  the  purpose  of  the  oil  system,  


9.      What  type  of  oil  is  used  in  the  T56  engine?   

10.  The  fuel  control    ^el  to  the  fuel  manifold, 

11.  Which  part  of  the  fuel  system  distributes  fuel  to  the  fuel 
nozzles?   ,   — 

12.  Excess  air  from  the  compressor  is  bled 

overboard  to  prevent  surges  and  stalls. 


13.      Define  surges  and  stalls. 


14.      What  stage  air  is  used  for  the  anti-icing  system? 


15.      The  anti-icing  system  prevents    from  forming 

on  the  inlet  area  of  the  engine. 


16.      TIT  is  the  abbreviation  for 


17.  Which  engine  system  indicates  an  overheat  condition  in  the 
engine  area?  
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18*      The  rpm  indicator  receives  its  power  from  the 


19.      The  rpm  indicating  system  indicates  the  speed  of  the 


20.  Which  engine  system  gives  the  pilot  an  indication  of  the 
power  output  of  the  engine?   

21.  What  is  the  purpose  of  the  reduction  gearbox?   


22.      The  reduction  gearbox  is  installed  in    of 

the  engine. 
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Jet  Engine  Branch  3ABR42633-WB-108 
Chanute  AFB,  Illinois  26  May  1981 

ENGINE  PRESERVATION  AND  STORAGE 

OBJECTIVES 

After  completing  this  workbook  and  your  classroom  instruction, 
you  will  be  able  to  determine: 

1.  Types  of  corrosion. 

2.  Procedures  for  removing  and  Installing  engines  in  shipping 
containers. 

3.  Procedures  for  preserving  and  depreserving  engines. 

4.  Why  corrosion  prevention  and  storage  are  necessary. 

5.  The  applicable  historical  records  or  fc    s  used  in  aircraft 
engine  preservation  and  depreservation. 

EQUIPMENT 

Basis  of  Issue 
TO  1C-130B-2-4  1/student 
TO  2J-1-18  1/student 

PROJECT  1 

PROCEDURE 

U*e  the  sections  of  TO  2J-1-18  as  indicated  to  answer  the  following 
questions  and  fill  in  the  correct  information. 

Section  I 

1.  What  is  the  paragraph  reference  covering  the  theory  of  preserva- 
tion of  aircraft  engines?  ^  

2.  What  three  objectives  are  covered  by  this  theory? 
a. 


b. 


c. 


Supersedes  3ABR42633-SW-108,  23  January  1980.  RGL:  N/A 

OPR:  3350  TCHTG 
DISTRIBUTION:  X 

3350  TCHTG /TTGU-J  -  400;  DAV  -  1 

Designed  for  ATC  Course  Use,    Do  Not  Use  on  the  Job. 
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3. 


What  are  the  two  basic  types  of  corrosion? 


b. 


4.  What  is  humidity?   

5,  What  should  be  done  with  dehydrating  agents  removed  from  a 
preserved  engine?  

Section  II 

1.  What  are  the  four  AFTO  forms  which  are  used  to  keep  a  historical 
record  of  preservation  of  an  engine?   

2.  What  TO  is  used  for  proper  marking  of  an  engine  shipping 
container?   


1.      What  is  the  title  of  this  section? 


2.      If  an  engine  is  given  preservative  treatment ♦  does  it  have  to  be 
depreserved  after  35  days  storage?   


1.      What  type  of  solvent  is  used  for  cleaning  the  propeller  shaft? 


1.      Is  it  necessary  to  remove  the  top  of  the  metal  engine  container? 

Section  VII 

1.      What  color  will  the  humidity  indicator  be  if  the  moisture  content 
in  the  engine  container  is  satisfactory?   

Section  VIII 

1.      What  does  the  first  "flag  word"  on  page  8-2  refer  to? 


Section  III 


Section  IV 


» 


Section  V 


Section  IX 


1. 


What  table  lists  the  amount  of  desiccant  used  in  engine 


containers? 
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PROJECT  2 

PROCEDURE 

Using  TO  1C-130B-2-4,  answer  the  following  questions: 

1.     What  section  covers  preservation  and  depreservatlon  of  the  engine? 


2.  What  paragraph  covers  preservation  of  the  engine  lubrication 
system?   

3.  On  what  page  can  the  renewal  of  engine  preservation  be  found? 


A.      What  are  the  Allison  part  numbers  for  the  engine  container? 


5.  What  figure  shows  the  power  section  lifting  sling? 

6.  What  page  shows  the  power  section  shipping  parts? 


7.  What  paragraph  covers  the  removal  of  the  power  section  from  the 
shipping  container?  

8.  Who  will  depreserve  an  inoperable  engine?   


9 
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y  INTRODUCTION 

Have  you  ever  had  the  experience  of  your  car 
breaking  down  while  on  a  trip?  If  you  have,  you 
know  the  inconvenience  it  causes.  When  an 
aircraft  breaks  down  while  on  "a  trip"  it  can  be 
disastrous.  Every  precaution  must  be  taken  to 
prevent  an  aircraft  from  breaking  down  while 
on  "a  trip."  To  keep  aircraft  as  safe  as  humanly 
possible  the  Air  Force  has  developed  a  system 
of  maintenance  and  inspection  that  is  general- 
ly considered  to  be  the  finest  in  the  world.  The 
system  is  continually  developing  and  undergo- 
ing improvement.  The  aircraft  is  not  only 
examined  for  sources  of  possible  malfunctions; 
in  addition,  discrepancies  which  are  detected 
are  immediately  repaired.  Records  are  kept  and 
analyzed  to  provide  data  for  further  improve- 
ment of  the  system.  You  are  about  to  embark  on 
a  study  of  this  inspection  and  maintenance 
system.  We  believe  you  will  find  the  informa- 
tion in  this  text  useful  and  interesting. 

OBJECTIVES 

1.  When  you  complete  this  volume  you  will  be 
able  to  select  the  correct  response  to  multiple 
choice  questions  that: 

a.  define  the  levels  of  maintenance. 

b.  identify  the  three  authorized  inspection 
concepts  and  the  scheduled  maintenance  in- 
spections performed  under  each  concept. 

c.  recall  the  methods  used  to  perform  the 
scheduled  maintenance  inspections. 

d.  identify  the  management  tools  of  the 
planned  inspection  concept. 

e;  define   the   purpose   and   meaning  of 
maintenance  record  symbols. 

2  Use  technical  manuals  to  locate  correct 
abbreviations  for  maintenance  terms. 

3.  Make  entries  in  AFTO  Form  781 A  fac- 
similes in  the  correct  format. 


V3I 
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complete  course  is  to  be  taken.  It  is  possible  to 
■use  this  volume  alone  or  in  any  sequence  if  you 
desire  to  do  so. 

This  may  be  your  first  exposure  to  a 
programmed  text,  or  to  this  particular  style  of 
programming.  In  such  a  case,  a  few  words  of 
explanation  on  the  booklet  and  its  use  are  in 
order. 

This  volume  is  programmed  using  a  modified 
style  of  intrinsic  programming.  Eyeiything 
needed  to  meet  the  objectives  is  contained  in 
this  text  exc.pt  Technical  Order  references. 
(Necessary  Technical  Order  references  are 
provided  in  Volume  IV,  Reference  Materials  of 
the  ATCPT  52-1  package.)  The  information  is 
presented  in  logical  segments  followed  by 
questions    and/or    problems    requiring  a 
response,  followed  by  the  correct  answers 
(confirmation).  To  meet  the  objectives  you 
should   read   all   the   information,   do  the 
questions  or  problems  in  each  segment,  then 
"test"  your  understanding  of  the  material  by 
answering   the   questions   or   working  the 
problems.  Then  check  your  answers  by  reading 
the  answer  sets.  Be  sure  to  read  the  answer 
pages  because,  in  addition  to  providing  confir- 
mation  and   reinforcement,   many   of  the 
answers  will  give  you  additional  information  ' 
on  the  subject  You  will  need  the  following 
materials  for  reference  and  use: 

1.  Volume  IV  which  contains  extracts  from 
Technical  Orders  00-20-1  and  00-20-5. 

2.  Volume  V,  Student  Response  Booklet. 

3.  An  ordinary  lead  pencil  and  a  red  lead 
pencil. 


NOTE:  The  technical  information  contained 
herein  is  sufficient  for  this  text  only.  For 
comprehensive  and  indepth  coverage  of  the 
inspection  and  maintenance  system  refer  to  the 
appropriate  00-20  series  Technical  Order  and 
AFM  66-1. 


INSTRUCTIONS 

This  is  volume  II  of  three  study  volumes.  This 
volume  should  be  studied  in  sequence  if  the 


NOTE:  To  conserve  instructional  materials  do 
NOT  write  in  this  volume.  Use  the  Student 
Response  Booklet,  Volume  V,  when  answering 
questions  and  completing  exercises. 
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LEVELS  OF  MAINTENANCE 

The  three  levels  of  maintenance  from  lowest 
to  highest  are:  Organizational,  Intermediate, 
and  Depot.  The  overall  maintenance  and 
inspection  policies  are  formulated  by  Air  Force 
Logistics  Command  (AFLC).  To  support  all  Air 
Force  organizations  AFLC  has  established  air 
logistics  centers  that  are  charged  with  depot 
class  maintenance. 

The  major  commands  engaged  in  actual 
flight-line  operations  are  divided  into 
numbered  Air  Forces  and  divisions.  An  air 
division  is  further  divided  into  wings,  which 
are  normally  the  smallest  self-sufficient  units. 

Organizational  Maintenance 

Organizational  Maintenance  is  limited  in 
scope.  This  level  of  maintenance  includes 
routine  inspections,  replacement  of  some  com- 
ponents, minor  structural  repairs,  and  ser- 
vicing with  fuel,  oil,  etc.  Organizational 
maintenance  may  also  perform  technical  order 
modification  that  can  be  performed  with  the 
facilities  available  at  the  organizational  level. 

It  is  of  the  utmost  importance  that 
technicians  at  organizational  level  discover 
indications  of  equipment  failure  soon  enough  to 
prevent  major  component  failure.  Failure  to 
discover  these  indications  results  in  an  in- 
crease in  the  workload  of  other  levels  of 
maintenance.  This  may  result  in  disruption  of 
maintenance  schedules  not  to  mention  in-flight 
failure  with  the  possibility  of  loss  of  life  and 
equipment. 

Intermediate  Maintenance 

Closely  supporting  the  organizational  level 
of  maintenance  is  the  intermediate  level  of 
maintenance.  Personnel  in  the  field 
maintenance  activity,  usually  a  field 
maintenance  squadron  (FMS),  perform 
maintenance  at  the  intermediate  level.  The 
FMS  usually  has  the  highest  concentration  of 
skilled  specialists  and  costly  equipment  in  the 
maintenance  organization.  You  will  find  such 
shops  as  engines,  fuel  systems,  electrical, 
pneudraulics,  and  egress,  just  to  name  a  few,  at 
this  level.  The  actual  number  will  depend  on 
the  size  of  the  mission  of  the  organization,  in 
other  words  need.  If  the  DCM  decides  that  there 
is  a  nepd  for  a  function  (shop)  then  the 
organization  will  make  a  provision  for  it. 


The  support  provided  by  this  echelon  (level  of 
maintenance)  consists  primarily  of  furnishing 
specialist  assistance  to  organizational  line 
maintenance,  performing  bench  checks  of 
equipment,  and  maintenance  repair  that  is 
beyond  the  capacity  of  the  organizational  unit. 
When  the  capabilities  of  the  maintenance 
activity  at  the  intermediate  level  are  exceeded, 
the  problem  becomes  a  matter  for  depot  level 
maintenance. 

Depot  Maintenance 

The  highest  level  of  maintenance  requires 
extensive  equipment  to  perform  major  repair 
and  overhaul.  The  chief  function  of  a  depot  is 
the  performance  of  major  modifications  on 
aircraft  and  all  aircraft  components.  All 
systems  are  "inspected  and  repaired  as 
necessary."  Depots  also  supply  spare  parts, 
aerospace  ground  equipment,  and  Technical 
Order  Compliance  kits  (TOC)  to  organizational 
and  field  maintenance  units  through  normal 
supply  channels. 

Depot  maintenance  is  usually  performed  at 
specifically  designated  bases  in  the  states  and 
in  some  overseas  are°s. 

Question  Set  I 

Select  the  correct  response  for  each  of  the 
following  questions  and  record  your  answer  in 
the  appropriate  section  of  your  Student 
Response  Booklet,  Volume  V.  Verify  your 
responses  with  the  answers  at  the  end  of  this 
question  set. 

1.  Look  at  section  1  of  TO  00-20-5  contained  in 
ATCPT  52-1,  Volume  IV.  The  purpose  of  this 
publication  is  to  prescribe  the  inspection  and 
maintenance  system  and  the 

a.  preventive  maintenance  program,  general 
requirements  and  procedures. 

b.  maintenance  processing  of  reparable 
property  and  the  repair  cycle  asset  control 
system  and  related  test  equipment. 

c.  maintenance  documentation  for  inshop 
maintenance. 

d.  requirements  and  procedures  for  the 
preventive  maintenance  of  aircraft,  drones, 
and  air-launched  missiles,  the  use  of 
maintenance  documents  and  collection  of  flight 
data. 


2.  When  an  organization  performs  minor 
maintenance  on  its  assigned  aircraft,  the  level 
of  maintenance  would  be 

a.  depot. 

b.  organizational, 
c  intermediate. 

d.  organizational  and  intermediate. 
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7.  The  level  of  maintenance  that  is  authorized 
to  completely  overhaul  aircraft  is 

a.  organizational  maintenance. 

b.  intermediate  maintenance, 
c  depot  maintenance. 

d;  intermediate  and  organizational 
maintenance. 


3.  Field  maintenance  shops  perform 

a.  depot  maintenance. 

b.  intermediate  maintenance. 

c.  organizational  maintenance. 

d.  both  depot  and  organizational 
maintenance. 

4.  The  three  levels  of  maintenance  from 
lowest  to  highest  are 

a.  organizational,  intermediate,  and  depot. 

b.  depot,  intermediate,  and  organizational 

c.  intermediate,  depot,  organizational. 

d.  organizational,  depot,  intermediate. 


5.  Specifically  designated  bases  whi-h  ac- 
complish the  complete  overhaul  of  aircraft 
perform 

a.  depot  maintenance. 

b.  intermediate  maintenance. 

c.  organizational  maintenance. 

d.  the  lowest  level  of  maintenance. 


6.  The  level  of  maintenance  that  performs 
routine  inspections,  servicing  with  oil,  fuel,  etc., 
and  is  performed  by  the  using  organization  is 

a.  organizational  maintenance. 

b.  intermediate  maintenance. 

c.  depot  maintenance. 

d.  intermediate  and  depot  maintenance. 


P*VT  °f  maint«nance  that  provides 
moot  of  the  specialist  in  the  maintenance 
organization  and  provides  direct  support  to  the 
uaing  organization  is 

a.  depot  maintenance. 

b.  organizational  maintenance. 

c.  intermediate  maintenance. 

d.  depot  and  organizational  maintenance. 

Answers  to  Question  Set  I 

1.  The  answer  is  d.  The  purpose  of  the  00-20-5 
Technical  Order  is  to  prescribe  requirements 
and  procedures  for  the  preventive  maintenance' 
of  aircraft,  drones  and  air-launched  missiles,  . 
the  use  of  maintenance  documents,  and  collec- 
tion of  flight  data. 

2.  The  answer  is  b.  Organizational 
maintenance  would  perform  minor 
maintenance  on  assigned  aircraft  and  equip- 
ment as  well  as  most  of  the  servicing  required. 

3.  The  answer  is  b.  Field  maintenance  ac- 
tivities would  perform  intermediate  level 
maintenance,  or  the  maintenance  that  is  too 
involved  for  organizational  maintenance  but  is 
not  sufficient  to  warrant  depot  maintenance. 

4.  The  answer  is  a.  The  three  levels  of 
maintenance  from  lowest  to  highest  are: 
organizational,  intermediate,  and  depot. 

5.  The  answer  is  a.  Specifically  designated 
basea  which  accomplish  complete  overhaul  of 
aircraft  perform  depot  level  maintenance, 
which  is  the  highest  level  of  maintenance. 

6.  The  answer  is  a.  Routine  inspections, 
maintenance  and  servicing  is  performed  by 
organizational  maintenance. 
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7.  The  answer  is  c.  Depot  maintenance  is 
authorized  and  equipped  to  completely 
overhaul  aircraft. 

8.  The  answer  is  c.  The  level  of  maintenance 
that  has  most  of  the  assigned  specialist  and 
provides  direct  support  to  the  using 
organizations  is  intermediate  maintenance 
which  is  usually  performed  by  the  field 
maintenance  squadron  in  the  maintenance 
organization. 


SCHEDULED 
MAINTENANCE  INSPECTIONS 

Routine  scheduled  maintenance  inspections 
intervals  are  found  in  Technical  Order  00-20-5, 
Aircraft,  Drone,  and  Air-Launched  Missile 
Flight  Reports  and  Supporting  Maintenance 
Documents.  These  intervals  are  also  found  in 
applicable  aircraft  inspection  manual  (-6) 
technical  order.  Scheduled  maintenance  inspec- 
tions are  the  responsibility  of  organizational 
maintenance  and  field  maintenance  activities. 

There  are  three  authorized  scheduled  inspec- 
tion concepts  used  by  the  Air  Force.  These  are 
periodic,  phased,  and  isochronal.  The  sub- 
elements  for  each  concept  are  listed  below.  We 
jrill  discuss  each  of  the  different  sub-elements 
in  turn. 

a.  Periodic  Concept 

(1)  Preflight  (PR) 

(2)  End-of-Runway  (EOR) 

(3)  Thruflight  (TH) 

(4)  Basic  postflight  (BPO) 

(5)  Hourly  postflight  (HPO) 

(6)  Periodic  (PE) 

b.  Phased  Concept 

(1)  Preflight 

(2)  End-of-Runway 

(3)  Thruflight 

(4)  Basic  postflight 

(5)  Phased  (PH) 


c.  Isochronal  Concept 

(1)  Prefight 

(2)  End-of-Runway 

(3)  Thruflight 

(4)  Home  Station  Check  (HSC) 

(5)  Minor  (MIN) 

(6)  Maj  (MAJ) 

(Isochronal  is  a  term  meaning  of  equal  term  or 
occurring  at  regular  intervals.) 

Preflight  Inspection 

The  Preflight  Inspection,  as  the  name  im- 
plies, is  basically  a  flight  preparedness  check. 
As  such  this  inspection  is  performed  before 
resuming  flying  activity  after  the  aircraft  has 
been  inactive  for  a  period  of  time.  On  this  basis 
the  preflight  inspection  is  required  prior  to  the 
first  flight  of  the  day.  The  inspection  is  a 
thorough  visual  inspection  and  operational 
check  of  certain  systems  and  components  to 
ensure  that  no  defects  exist  that  cculd  cause 
accidents  or  mission  aborts. 

Aircraft  on  alert  status  will  have  a  complete 
preflight  inspection  accomplished  prior  to 
going  on  alert  status  and  again  before  flight 
after  completion  of  the  alert  period.  Continuous 
surveillance  by  the  aircrew  and  accomplish- 
ment in  alert  and  scramble  checklist  should 
ensure  that  the  aircraft  is  airworthy. 

End-of-Runway  Inspection 

The  EOR  Inspection  is  a  final  visual  and/or 
operational  check  of  designated  aircraft 
systems  and  components.  The  inspection  is 
performed  immediately  prior  to  takeoff  at  a 
designated  location  usually  near  the  eijd  of  the 
runway.  The  purpose  of  the  inspection  is  to 
detect  critical  defects  which  may  have 
developed  or  have  become  apparent  during 
ground  operation  of  the  aircraft. 

Thruflight  Inspection 

The  Thruflight  Inspection  was  designed  for 
use  on  cargo  aircraft  utilized  for  regular  airline 
type  operations.  It  is  however,  applicable  to 
any  aircraft  where  an  immediate  turnaround  or 
a  continuation  flight  is  scheduled.  This  inspec- 
tion will  be  performed  prior  to  takeoff  at 
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intermediate  stops.  The  aircraft  is  visually 
checked  to  see  if  there  are  any  defects  which 
could  impair  safety  of  flight.  The  scope  of  the 
thruflight  will  be  governed  by  the  inspection 
concept  under  which  that  particular  weapon 
system  is  being  operated. 

Basic  Postflight  Inspection 

The  Basic  Postflight  Inspection  will  be 
accomplished  after  the  last  flight  of  the  flying 
period.  This  inspection  consists  of  checking  the 
aircraft  to  determine  if  it  is  suitable  for  another 
flight  by  performing  a  visual  examination  of 
certain  systems  and  components  to  ensure  that 
no  defects  exist  which  would  be  detrimental  to 
further  flight. 

Maintenance  is  not  obligated  to  perform  the 
basic  postflight  until  the  aircraft  is  released  by 
operations.  If  an  aircraft  lands  to  change  pilots 
or  other  crewmembers,  or  if  an  aircraft  makes  a 
brief  stop  with  the  crew  staying  in  the  im- 
mediate area  of  the  aircraft,  the  basic  postflight 
need  not  be  performed,  since  the  aircraft  has 
not  been  released  by  operations.  The  basic 
postflight  inspection  is  a  more  thorough  check 
than  the  preflight  or  the  thruflight  inspections. 

Hourly  Postflight 

The  Hourly  Postflight  is  accomplished  after  a 
specified  number  of  flying  hours  have  ac- 
cumulated. It  consists  of  checking  certain 
components  areas  and  systems  of  the  aircraft 
to  make  sure  that  no  conditions  exist  which 
could  result  in  failure  of  the  component  before 
the  next  scheduled  inspection.  This  inspection 
augments  the  basic  postflight.  In  fact,  the  basic 
postflight  is  often  accomplished  at  the  same 
fame,  lor  example,  if  an  aircraft  has  flown  and 
has  also  accumulated  the  specified  number  of 
hours  for  the  hourly  postflight  then  the  hourly 
postflight  and  basic  postflight  will  be  ac- 
complished at  the  same  time. 

Periodic  Inspection 

The  Periodic  Inspection  is  a  thorough  and 
searching  inspection  of  the  entire  aircraft  more 
extensive  than  the  hourly  postflight  or  basic 
Postflight  inspections.  In  addition  to  the 
recurring  inspection  items,  some  of  which  are 
required  at  the  hourly  postflight  inspections 
the  periodic  inspection  includes  certain  com- 
ponents, areas  and  systems  of  the  aircraft  that 
require  less  frequent  inspection  (because  of 


their  function)  than  the  hourly  postflight  or  the 
basic  postflight. 

The  periodic  inspection  is  considered  due 
when  the  specified  number  of  flying  hours  or 
calendar  period  has  expired.  As  is  the  case  of 
the  hourly  postflight,  the  aircraft  should  not  be 
scheduled  for  flight  if  the  mission  will  over 
extend  the  inspection  by  too  great  a  margin. 

Phased  Inspection 

The  Phased  Inspection  concept  is  actually  a 
combination  of  the  basic  postflight  and/or 
hourly  postflight  and  periodic  inspection  re- 
quirements   into    small    packages  These 
packages  have  approximately  the  same  work 
content  and  clock  hours.  Lumping  these  three 
inspections  into  one  would  make  an  inspection 
that  requires  an  extremely  long  time  to  com- 
plete. Therefore,  this  inspection  is  broken  into 
parts  or  phases.  The  amount  of  flying  tim* 
accrued  between  phases  depends  upon  the 
aircraft  and  its  use.  For  example,  the  B-52G 
phased  inspection  consists  of  12  ph?  ,es  Phase 
1  is  at  50  hours,  phase  2  at  100  hours,  phase  3  at 
150  hours,  etc.,  with  ohase  12  at  600  hours.  At 
O60  hours  the  sequence  would  start  again  with 
phase  1    and  the  cycle  would  repeat  itself 
indefinitely. 

One  of  the  main  objectives  of  the  phased 
concept  is  to  reduce  the  time  the  aircraft  is  out 
ot  commission  for  any  given  inspection.  The 
phases  are  arranged  in  such  a  manner  that 
each  requires  approximately  the  same  number 
of  man-hours.  This  arrangement  permits  all 
inspection  requirements  to  be  met  with  a  short 
out-of-commission  time  for  any  one  phase 


Figure  1  shows  a  sample  card  from  a  set  of 
workcards  for  a  phased  inspection.  The 
headings  at  the  top  of  the  card  provide  some 
rather  important  information.  By  reading  the 
information  in  the  heading  blocks  we  know  the 
card  number  the  work  area,  the  publication 
number  and  date,  the  type  mechanic  required  to 
perform  the  work,  and  whether  or 'not  the 
electrical  power  must  be  on  or  off.  Also,  we  can 

2L  .  I  °r  PhaS6S  these  Particul*r 
items  must  be  inspected. 

Isochronal  (ISO)  Inspection 

The  Isochronal  Inspection  concept  is  designed 
to  translate  flymg-hour  utilization  rates  into 
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OBSTRUCTIONS 

2.  FUEL  FLOW  TRANSMITTER  LINE  TO  P  AND  D  VALVE  FOR 
LEAKS*  CHAFING,   CRaCkS,   AND  BROKEN  OR  MISSING 
LOCKWIRE* 

3.  FUEL  CONTROL  TO  FUEL  FLOW  TRANSMITTER  LINE  FOR 
LEAKS j   CHAFING,   CRACKS  AND  BROKEN  LOCKWlRE. 

4.  FUEL  CONTROL  TO  P  AND  D  VALVE  SENSING  LINE  FOR 
LEAKS,   CHAFING,   CRAQ^S  A.^D  BROKEN  OR  MISSING 
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3.           MAIN  FUEL  SUPPLY  HOSE  FROM  AIRCRAFT  TO  FUEL 
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MISSING  LOCKWiRE • 
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calendar  periods,  usually  expressed  in  days. 
The  system  manager  is  responsible  for  en- 
suring the  calendar  period  is  properly  es- 
tablished to  meet  maintenance  and  engineer- 
ing requirements,  and  that  it  is  adjusted  when 
basic  utilization  rates  change. 

The  scheduling  program  should  be  con- 
structed to  allow  for  the  time  that  an  aircraft  is 
programmed  to  be  in  inspection  status.  For 
example,  if  an  aircraft  is  programmed  to  be  in 
inspection  status  for  3  days  and  the  calendar 
inspection  period  based  on  the  utilization  rate 
is  70  days,  the  inspection  would  be  scheduled 
each  73  days.  This  should  be  established  as  the 
inspection  interval  for  this  particular  aircraft 
and  the  schedule  based  on  the  programmed 
input  date  for  the  first  inspection. 

Home  Station  Check  Inspection 

The  Home  Station  Check  (HSC)  Inspection 
consists  of  requirements  that  are  a  combina- 
tion of  former  basic  postflight  and  hourly 
postflight  items.  These  items  are  arranged  and 
designed  for  accomplishment  at  the  home 
station  when  the  aircraft  returns  from  a  long- 


range  mission  or  upon  expiration  of  a  specified 
short-term  calendar  interval.  This  inspection 
will  become  due  and  will  be  performed  at  the 
calendar  interval  specified  in  the  -6  inspection 
workcards.  This  inspection  will  also  be  ac- 
complished in  conjunction  with  minor  and 
major  inspections. 

Minor  Inspection 

The  Minor  Inspection  will  become  due  upon 
the  accrual  of  the  number  of  calendar  days 
specified  in  the  applicable  -6  inspection  manual 
and  -6  workcards.  This  inspection  consists  of 
checking  certain  components  areas,  or  systems 
of  the  aircraft  to  determine  that  no  conditions 
exist  which  could  result  in  failure  prior  to  the 
next  scheduled  inspections. 

Aircraft  should  not  be  scheduled  for  a 
mission  of  a  duration  that  will  exceed  the 
specified  limitation  to  the  extent  that  safety  of 
flight  would  be  jeopardized. 

Major  Inspection 

This  inspection  is  a  thorough  and  searching 
inspection  of  the  entire  aircraft  or  weapon 


system.  Individual  requirements  may  be  more 
extensive  in  scope  than  previous  inspection 
items.  The  major  inspection  will  become  due 
when  the  number  of  calendar  days  specified  in 
the  applicable  -6  inspection  manual  and 
workcards  have  accumulated.  The  inspection 
will  include  certain  components,  areas,  and 
systems  of  the  aircraft  or  weapon  system 
which,  due  to  their  function,  required  less 
frequent  inspection  than  that  required  by  other 
inspections. 

Because  of  the  length  of  time  normally 
required  to  complete  a  major  or  minor  inspec- 
tion, it  is  inadvisable  to  include  preflight 
inspection  requirements  as  part  of  the  major  or 
minor  inspection.  Therefore,  a  separate 
preflight  inspection  will  be  required  before  the 
aircraft  is  released  for  flight. 


CALENDAR  INSPECTIONS 

When  an  aircraft  does  not  fly  or  is  out  of 
commission  for  more  than  30  consecutive  days 
a  basic  postflight  or  home  station  check 
inspection  will  be  required  before  the  aircraft 
can  be  released  for  flight.  This  will  be  con- 
sidered as  a  minimum  30-day  calendar  inspec- 
tion. 

When  an  aircraft  is  idle  for  more  than  90 
consecutive  days;  an  hourly  postflight  inspec- 
tion or  home  station  check,  plus  performance  of 
an  operational  check  of  all  functional  aircraft 
systems  (excluding  landing  gear  retraction) 
and  accomplishment  of  all  periodic  or  minor 
lubrication  requirements  will  be  required  before 
the  aircraft  is  returned  to  operational  status  As 
is  the  case  for  the  30-day  calendar  inspection 
this  will  be  considered  a  minimum  90-day 
inspection.  In  both  the  30-  and  90-day  inspec- 
tions,   the    local    commander    and  the 
maintenance  officer  will  determine  whether 
additional  inspection  or  maintenance  is  re- 
quired. 

Question  Sot  II 

Select  the  correct  response  for  each  of  the 
following  questions  and  record  your  answer  in 
"ie  appropriate  section  of  vour  Student 
Kesponse  Booklet.  Volume  V."  Verify  your 
responses  with  the  answers  at  the  end  of  this 
question  set. 


1.  Which  of  the  publications  listed  below 
describe  routine  scheduled  maintenance  inspec- 
tions? 

a.  TO  00-20-3. 

b.  TO  00-20-5. 

c.  TO  00-20-11. 

d.  AFM  66-1,  Volume  I. 

2.  The  performance  of  the  scheduled 
maintenance  inspections  is  the  responsibility 
of 


a.  depot,  field,  and 
maintenance  activities. 


organizational 


b.  field  and  depot  maintenance  activities, 
c  depot  maintenance  activities. 

d.  organizational   maintenance   and  field 
maintenance  activities. 

3.  The  three  authorized  inspections  concepts 
are  , 

a.  periodic,  phased  and  isochronal. 

b.  phased,  minor,  and  major. 

c.  periodic,  minor,  and  major. 

d.  minor,  major,  and  isochronal. 

4.  Preflight  inspection  is  best  described  as 

a.  a  visual  check. 

b.  an  operational  check. 

c.  a  flight  preparedness  check. 

d.  a  visual  check  accomplished  after  each 
flight. 

5.  The  basic  postflight  inspection  is  a  check  to 

a.  prepare  the  aircraft  for  the  first  flight  of 
the  day. 

b.  determine  if  the  aircraft  is  suitable  for 
another  flight. 

c  determine  the  in-flight  condition  of  the 
aircraft. 

d.  determine  the  preflight  condition  of  the 
aircraft. 


ERIC 


Hi) 


8 


6.  Maintenance  is  not  obligated  to  perform  the 
basic  poetflight  until 

a.  just  before  the  aircraft  is  scheduled  to  fly 
again. 

b.  the  aircraft  has  accumulated  a  specified 
number  of  flying  hours. 

c.  the  aircraft  has  been  released  by 
operations. 

d.  a  specified  calendar  period  has  elapsed. 

7.  The  hourly  postflight  is  accomplished 

a.  after  the  last  flight  of  the  day. 

b.  upon  accrual  of  a  specified  number  of 
calendar  days. 

c.  as  a  thorough  and  searching  inspection  of 
the  entire  aircraft. 

d.  after  the  flight  in  which  a  specified 
number  of  flying  hours  is  accrued. 

8.  The  hourly  postflight  inspection  augments 
the  basic  postflight  inspection  and 

a.  is  a  combination  of  periodic  and  phased 
inspection  requirements. 

b.  is  accomplished  after  the  accrual  of  a 
specified  number  of  flying  hours. 

c.  is  considered  due  when  the  specified 
calendar  period  has  expired. 

d.  is  specifically  designed  for  cargo-type 
aircraft. 

9.  The  periodic  inspection  is  performed  upon 
accrual  of  a  specified  number  of 

a.  flights. 

b.  landings. 

c.  malfunction  in  any  one  aircraft  system. 

d.  flying  hours. 

10.  Select  the  statement  which  best  describes 
the  periodic  inspection. 

a.  The  periodic  inspection  is  made  up  of  only 
the  basic  and  hourly  postflight  inspection 
requirements. 

b.  The  periodic  inspection  is  a  thorough  and 
searching  inspection  of  the  entire  aircraft. 

a  The  periodic  inspection  is  a  quick  look-see 
inspection  performed  periodically. 

d.  The  periodic  inspection  is  a  thorough 
inspection  of  only  a  few  of  the  aircraft  systems. 


11.  The  inspection  which  is  designed  to  reduce 
aircraft  out*of*commission  time  is  the 

a.  thruflight  inspection. 

b.  basic  postflight  inspection. 

c.  hourly  postflight  inspection. 

d.  phased  inspection. 

12.  The  phased  inspection  is 

a.  actually  a  lumping  together  of  the 
preflight  and  postflight  inspections. 

b.  performed  when  a  specified  number  of 
calendar  days  have  accumulated. 

c.  actually  a  combination  of  the  hourly 
postflight  and  basic  postflight,  and  periodic, 
broken  into  equal  time-phased  inspections. 

d.  a  combination  of  isochronal  and  periodic 
inspection  concepts. 

13.  The  thruflight  inspection  is  a  check 

a.  to  prepare  the  aircraft  for  the  first  flight  of 
the  day. 

b.  to  determine  if  the  aircraft  is  ready  to 
continue  the  flight. 

c.  which  is  a  thorough  and  searching  inspec- 
tion of  the  aircraft. 

d.  of  the  aircraft  during  flight. 

14.  The  three  inspections  requirements  not 
used  in  the  periodic  or  phased  concepts  are  the 

a.  home  station  check,  hourly  postflight,  and 
minor. 

b.  minor,  basic  postflight,  and  thruflight. 

c.  preflight,  periodic,  and  major. 

d.  home  station  check,  minor,  and  major. 

15.  For  practical  purposes  the  home  station 
check  is  a  combination  of  the 

a.  basic  postflight  and  thruflight. 

b.  basic  postflight  and  phased. 

c.  hourly  postflight  and  periodic. 

d.  basic  postflight  and  hourly  postflight. 


16.  The  inspection  which  is  performed  at 
specific  intervals  and  concurrently  with  the 
minor  and  major  inspections  is  the 

a.  periodic. 

b.  home  station  check, 
c  phased. 

d.  hourly  postflight. 


17.  Minor  and  major  inspections  are  required 
upon  accrual  of  a  specified  number  of 

a.  flying  hours. 

b.  flying  days. 

c.  calendar  days. 

d.  calendar  hours. 


18.  When  an  aircraft  is  out  of  commission  for 
more  than  30  consecutive  days,  what  type 
inspection  is  required? 

a.  Preflight,  periodic,  phased,  and  postflight. 

b.  Basic  postflight,  or  home  station  check 
(which  is  actually  a  calendar  inspection). 

c.  Thruflight  and  postflight. 

d.  Phased  and  a  preflight. 


19.  When  an  aircraft  is  idle  for  more  than  90 
consecutive  days  what  type  inspection  should 
be  performed? 

a.  A  complete  depot  inspection  performed  at 
the  factory. 

b.  Three  30-day  calendar  inspections. 

c.  None,  because  if  an  aircraft  is  idle  for  90 
days  or  more  it  must  be  taken  out  of  commis- 
sion permanently. 

d.  An  hourly  postflight  or  home  station 
check  plus  operational  check  of  all  functional 
aircraft  systems  (excluding  landing  gear 
retraction)  and  accomplishment  of  all  periodic 
or  minor  lubrications  requirements.  This  is 
actually  a  90-day  calendar  inspection. 

Using  TO  00-25-5  in  Volume  IV,  Reference 
Materials,  answer  the  following  questions. 


20.  For  aircraft  that  are  prefiighted  and  do  not 
fly,  their  preflight  will  remain  valid  for  a  period 
of  time  not  to  exceed  a 

a.  20-hour  period. 

b.  24-hour  period, 
c  36-hour  period, 
d.  48-hour  period. 

21.  When  will  the  thruflight  inspection  be 
accomplished? 

a.  Prior  to  takeoff  at  intermediate  stops. 

b.  Prior  to  takeoff  on  the  first  flight  of  the 
day. 

c  Immediately  after  the  last  flight  of  the 
day. 

d.  After  a  specified  calendar  period  has 
passed. 


22.  When  will  the  basic  postflight  be  ac- 
complished? 

a.  Prior  to  takeoff  at  intermediate  stops. 

b.  Prior  to  takeoff  on  the  first  flight  of  the 
day. 

c.  The  basic  postflight  will  be  accomplished 
after  the  last  flight  of  a  flying  period. 

d.  After  each  flight  in  a  flying  period. 

23.  What  inspection  would  you  be  performing  if 
it  is  a  final  visual  and/or  operational  check  of 
designated  aircraft  systems  and  components? 

a.  Preflight. 

b.  Thruflgiht. 

c.  Basic  postflight. 

d.  End-of-Runway. 

24.  What  inspection  concept  is  designed  to 
translate  flying-hour  utilization  rates  into 
calendar  periods? 

a.  Calendar. 

b.  Isochronal. 

c.  Periodic. 

d.  Phased. 
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Answers  to  Question  Set  II 

L  The  answer  is  bf  TO  00-20-5,  Aircraft, 
Drones,  and  Air-Launched  Missile  Flight 
Reports  and  Supporting  Maintenance  Records. 
Actually,  there  is  a  whole  series  of  00-20 
technical  orders  that  covers  various 
maintenance  management  areas. 

2.  The  answer  is  df  organizational 
maintenance  and  field  maintenance  activities. 
Scheduled  maintenance  should  be  ac- 
complished at  the  lowest  echelon.  This  normal- 
ly means  organizational  maintenance  with  the 
necessary  assistance  from  field  maintenance 
activities. 

3.  The  answer  is  a,  periodic,  phased,  and 
isochronal.  The  other  answers  list  various 
individual  inspections  which  are  a  part  of  one 
or  more  of  the  three  inspection  concepts. 

4.  The  answer  is  c.  The  preflight  inspection  is 
basically  a  flight  preparedness  check,  although 
it  is  performed  visually  and  may,  at  times, 
involve  an  operational  check  of  some  aircraft 
systems. 

5.  The  answer  is  b.  The  basic  postflight  is  a 
check  to  determine  the  fitness  of  the  aircraft  for 
another  flight. 

6.  The  answer  is  c.  Maintenance  is  not 
authorized  to  accomplish  the  basic  postflight 
inspection  until  the  aircraft  has  been  released 
by  operations. 

7.  The  answer  is  d.  The  hourly  postflight  is 
accomplished  after  the  flight  in  which  a 
specified  number  of  flying  hours  have  ac- 
cumulated. 

8.  The  answer  is  b.  The  hourly  postflight 
inspection  augments,  or  enlarges  the  basic 
postflight  inspection.  It  is  accomplished  after 
the  accrual  of  a  specified  number  of  flying 
hours. 

9.  The  answer  is  d.  The  periodic  inspection  is 
accomplished  when  a  specified  number  of 
flying  hours  have  accumulated.  In  some 
instances  a  periodic  may  be  required  on  a 
calendar  day  basis  when  required  by  local 
authority. 


10.  The  answer  is  b.  The  complete  periodic 
inspection  will  include  the  requirements  of  the 
basic  postflight  and  hourly  postflight.  In 
addition,  certain  systems  and  components  are 
included  which  because  of  their  function 
required  less  frequent  inspection  than  the 
hourly  postflight  or  the  basic  postflight  inspec- 
tions. 

11.  The  answer  is  d.  The  phased  inspection  is 
actually  a  combination  of  the  basic  postflight, 
hourly  postflight,  and  periodic  inspections, 
divided  into  equally  timed  parts  or  phases. 
Thus,  all  inspection  requirements  are  met  when 
the  inspection  cycles  are  complete  and  the 
aircraft  is  not  out-of-commission  for  any 
extended  period. 

12.  The  answer  is  c.  The  explanation  for  the 
answer  is  covered  in  the  answer  to  question  11. 

13.  The  answer  is  b.  The  thruflight  is  an 
inspection  made  at  intermediate  stops.  This 
type  inspection  is  used  extensively  with  air- 
craft assigned  to  airline-type  missions. 

14.  The  answer  is  d.  While  there  is  an  element 
of  truth  in  the  other  answers,  the  home  station 
check,  minor,  and  major  are  not  contained  in 
the  periodic  or  phased  concept— they  are 
considered  part  of  the  isocrhonal  concept. 

15.  The  answer  is  d.  The  home  station  check 
combines  the  requirements  of  the  basic 
postflight  and  hourly  postflight  items.  This 
inspection  may  be  accomplished  at  the  home 
station  when  the  aircraft  has  returned  from  a 
long-range  mission  or  at  the  expiration  of  a 
specified  calendar  period. 

16.  The  answer  is  b.  The  home  station  check  is 
accomplished  in  conjunction  with  the  minor 
and  major  inspections. 

17.  The  answer  is  c.  Both  the  minor  and  major 
inspections  are  required  when  a  specified 
number  of  calendar  days  have  expired. 

18.  The  answer  is  b.  A  basic  postflight  or  home 
station  check  is  considered  the  minimum 
calendar  inspection  for  an  aircraft  that  has 
been  idle  for  30  days  or  more. 


19.  The  answer  is  d.  Ninety  days  is  a  long  time 
for  an  aircraft  to  sit  idle;  so  it  is  necessary  that 
the  inspection  should  be  thorough  and  include 
lubrication  and  functional  check  of  aircraft 
systems. 

20.  The  answer  is  d.  The  preflight  inspection  is 
normally  good  for  a  48-hour  period. 

21.  The  answer  is  a.  The  thruflight  inspection 
is  accomplished  prior  to  takeoff  at  intermediate 
stops. 

22.  The  answer  is  c.  The  basic  postflight  will  be 
accomplished  after  the  last  flight  of  a  flying 
period. 

23.  The  answer  is  d.  The  End-of-Runway 
inspection  is  the  final  check  before  the  aircraft 
launches. 

24.  The  answer  is  b.  The  phased  and  periodic 
concept  is  based  on  hours  flown.  The  calendar 
inspection  is  based  on  days  not  flown. 


METHODS  OF  INSPECTION 

The  two  methods  of  inspection  currently  used 
are  the  INPLACE  METHOD  and  DOCK 
METHOD.  The  inspection  crews  are  supported 
by  specialists  dispatched  from  the  various 
shops. 

A  maintenance  unit  may  use  one  or  both 
methods  of  inspection.  The  local  or  major 
command  will  decide  which  method  best  meets 
their  mission  requirements. 

Inplace  Method 

The  Inplace  Method  is  used  when 
maintenance  and  operational  requirements 
dictate  that  inspections  and  maintenance  must 
be  performed  at  the  equipment  location. 

If  the  inplace  system  is  used  on  aircraft,  it 
may  take  the  form  of  one  or  more  assigned 
ground  crews  assigned  or  dispatched  to  a 
particular  aircraft.  The  highest  ranking 
member  of  the  crew  is  usually  designated  as  the 
crew  chief.  He  supervises  all  operations  per- 
formed by  the  crew. 

Dock  Method 

The  Dock  Method  is  used  when  maintenance 
and  operational  requirements  dictate  that  the 
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equipment  be  moved  to  a  fixed  station  or  site 
for  accomplishment  of  inspection  and 
maintenance.  The  required  maintenance  crews 
may  be  permanently  assigned  to  such  stations 
or  sites  under  the  supervision  of  a  dock  chief. 

Dock  structures  may  be  designated  to  hold  an 
aircraft,  or  at  least  the  major  portion  of  the 
aircraft,    so    that    working    personnel  are 
protected   from  the  elements.  When  small 
aircraft   are  involved,   a   dock  may   be  a 
designated  area  inside  a  large  maintenance 
hangar.   The  dock   facilities  include  items 
constantly  being  required,  such  as  compressed 
air  an  aircraft  power  supply,  lights,  heat,  as 
well  as  necessary  bench  stock  (nuts  bolts 
screws,  etc.).  These  items  are  needed  to  save 
man-hours  that  would  be  required  to  supplv 
them  on  a  recurring  basis. 

Latrine  facilities,  built-in  workstands,  and  an 
office  equipped  with  a  telephone  and  intercom 
increase  efficiency.  Efficiency  is  further  in- 
creased by  preplanning.  Jobs  are  olotted  on  a 
sequence  chart  so  that  each  specialist  and 
mechanic  are  scheduled  to  perform 
maintenance  tasks  with  minimum  interference 
with  each  other.  (We  will  discuss  the  sequence 
chart  ,n  more  detail  in  the  next  section.) 
bupphes.  parts,  and  replacements  that  are 
knav  \.  needed  arc  procured  in  advance 
and  prepositioned  in  the  dock. 

Question  Set  III 

Select  the  correct  response  for  each  of  the 
following  quest.ons  and  record  your  answer  in 
the  appropriate  section  of  your  Student 
Response  Booklet.  Volume  V.  Verify  your 
response  with  the  answers  at  the  end  of  this 
question  set. 

1.  Which  of  the  following  statements  best 
describe  the  inplace  method  of  inspection? 

a.  An  assigned  or  dispatched  cre-.v  oerforms 
scheduled  inspection  and  maintenance  on 
weapon  systems  at  the  equipment  location. 

b.  The  aircralt  is  brought  to  a  fix.-d  site  for 
scheduled  inspections  and  maintenance. 

c.  Mechanics  are  assigned  to  a  specific  work 
station  to  accomplish  maintenance  and  inspec- 
lions. 

d_  A  crew  is  dispatched  from  the  dock  area  to 
perform  depot  type  inspections. 
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2.  The  highest  ranking  member  of  an  aircraft 
maintenance  inplace  crew  will  normally  super- 
vise all  work  accomplished  by  his  crew.  This 
individual's  title  is  usually 

wu  shop  chief. 

b.  maintenance  chief. 

c.  line  chief. 
<L  crew  chief. 

3.  Which  one  of  the  statements  listed  below 
best  describe  the  dock  method  of  inspection? 

a.  The  aircraft  is  brought  to  a  fixed  site  for 
maintenance. 

b.  Crews  are  assigned  to  an  aircraft  under 
the  supervision  of  a  crew  chief. 

c.  The  mechanics  are  assigned  to  various 
work  stations  on  the  aircraft  under  the  supervi- 
sion of  a  dock  chief. 

d.  Both  a  and  c. 

4.  The  supervisor  of  an  aircraft  maintenance 
dock  would  probably  be  called  a 

a.  crew  chief. 

b.  branch  chief. 

c.  shop  chief. 

d.  dock  chief. 

5.  Dock  structures  may  be  equipped  with 

a.  inspection  workcards  and  required 
technical  orders. 

b.  latrine  facilities  and  lights. 

c.  permanent  and  portable  workstands. 
t\>  all  the  items  listed  m  a,  b,  and  c. 


Answers  to  Question  Set  III 

1.  The  answer  is  a* 

2.  The  answer  is  d.  "Crew  chief  is  a  designa- 
tion that  is  almost  universally  used  throughout 
the  Air  Force  for  the  individual  that  is  assigned 
the  responsibility  for  maintaining  an  aircraft. 
A  "line  chief  on  the  other  hand,  may  have 
several  crew  chiefs  working  for  him. 


3.  The  answer  is  d.  The  aircraft  is  brought  to  a 
fixed  site  or  dock  where  mechanics  or  teams  of 
mechanics  are  assigned  to  various  areas  or 
work  stations  to  perform  inspection  and 
maintenance. 

4.  The  answer  is  d.  The  supervisor  of  an 
aircraft  dock  is  called  "dock  chief."  The 
"branch  chief  is  in  charge  of  an  entire 
maintenance  section.  A  "crew  chief  is  in 
charge  of  an  individual  aircraft  and  ground 
crew,  and  a  "shop  chief  is  In  charge  of  an 
individual  shop  such  as  the  engine  shop,  sheet 
metal  shop,  etc. 

5.  The  answer  is  d.  Not  only  should  the  dock 
area  be  equipped  with  all  the  items  listed  but 
any  additional  equipment  that  will  increase  the 
efficiency  of  the  dock  operations. 


MANAGEMENT  TOOLS  OF  THE 
PLANNED  INSPECTION  CONCEPT 

Over  the  years  the  Air  Force  has  developed 
many  techniques  and  tools  to  make  the 
maintenance  system  more  efficient.  We  will 
discuss  three  of  these  management  tools  that 
have  evolved  and  have  proved  highly 
successful.  They  are  the  inspection  workcards, 
sequence  chart,  and  the  data  collection  forms 
(AFTC  Forms  349  and  350). 

Inspection  Workcards 

Figure  1  shows  an  example  of  an  inspection 
workcard  for  a  B-52B  aircraft.  For  some 
aircraft  a  complete  set  may  contain  a  hundred 
or  more  cards.  They  may  be  maintained  in 
looseleaf  binders  or  covered  with  plastic.  Cards 
are  prepared  for  all  the  scheduled  inspections, 
preflight,  postflight,  major,  periodic,  etc.  In  the 
example  shown  the  type  inspection  is  phased. 
An  aircraft  mechanic  is  needed  to  accomplish 
the  items  on  this  particular  inspection. 

The  inspection  workcards  provide  the 
minimum  inspection  requirements  necessary  to 
accomplish  the  prescribed  inspection.  The 
mechanic  uses  the  c?rds  to  guide  him  during 
his  visual  inspection.  The  workcards  usually 
give  most  of  the  tolerances  and  specify  p.ny 
adjustments  that  must  be  made. 


Sequence  Chart 

A  Sequence  Chart  (see  fig  2)  is  actually  a 
flexible  timetable  for  scheduling  jobs  during  a 
dock  inspection.  These  charts  are  furnished  in 
published  form  for  specific  aircraft  or  they  are 
available  in  blank  forms  that  may  be  adapted 
to  fit  the  particular  aircraft  The  charts  serve  as 
a  guide  in  preparing  the  actual  work  schedules. 
They  also  serve  as  a  means  of  controlling  the 
assignment  of  work  during  an  inspection. 
Properly  maintained  the  charts  serve  as  a 
ready  reference  for  determining  the  progress  of 
the  inspection. 

The  chart  for  a  large  aircraft  may  measure 
several  feet  m  length  and  perhaps  2  to  3  feet  in 
width.  The  sequence  chart  shown  in  figure  2  is 
divided  into  1-hour  increments.  Each  hour  is 
subdivided  into  10-minute  increments.  As  each 
portion  of  the  inspection  is  completed,  it  is 
marked  off  on  the  chart.  A  plastic  overlay  and 
colored  grease  pencils  may  be  used  for  this 
purpose. 

We  have  stated  that  the  sequence  chart  is  a 
flexible  time  table.  It  is  also  a  time-based 
arrangement  of  the  workcards.  The  chart 
shows  the  starting  time,  elapsed  time,  and  work 
area  required  for  each  workcard.  H  hour  is  the 
starting  tinle,  which  may  be  any  time  of  day, 
and  all  subsequent  times  are  computed  in  H 
plus  hours.  The  chart  is  designed  to  allow  time 
to  perform  each  task  and  keep  a  maximum 
number  of  tasks  in  progress  with  minimum 
interference  with  each  otner.  The  sequence 
chart  and  inspection  workcards  are  classified 
as  technical  publications  and  must  be  main- 
tained in  accordance  with  the  Technical  Order 
directives. 

AFTO  Forms  349  and  350 

Information  concerning  maintenance  ac- 
tions must  be  recorded  on  "something."  We 
must  also  have  a  systematic  way  of  collecting 
this  information.  Two  important  forms  that 
have  been  developed  for  recording 
maintenance  information  are  the  AFTO  Forms 
349  and  350.  The  system  to  collect  this 
information  and  deliver  it  to  statistical  services 
is  known  as  the  data  collection  system.  This 
system  is  discussed  in  greater  detail  in  Volume 
III,  but  we  want  to  introduce  the  AFTO  Forms 
349  and  350  here  because  they  are  also  a  kind  of 
management  tool. 


AFTO  Form  349.  Figure  3  shows  a  sample 
AFTO  Form  349.  As  you  can  see  the  form 
contains  several  numbered  blocks,  some  of 
which  are  divided  into  a  number  of  smaller 
sections.  The  00-20-2  technical  orders  contain 
the  detailed  instructions -as  to  which  blocks 
must  be  filled'  in  for  any  maintenance  per- 
formed. 

The  AFTO  Form  349  is  used  as  a  dispatch 
form  and  as  a  maintenance  form.  When  the 
AFTO  Form  349  is  completed  it  is  turned  in  to 
statistical  services.  Here,  along  with  countless 
other  3498,  it  becomes  a  very  important  source 
of  information  for  maintenance  management. 
The  mechanic  may  initiate  the  349  to  record 
actions  taken  or  he  may  be  dispatched  with  a 
partially  filled  out  34S  to  do  a  certain  job  or 
task.  In  this  case  he  will  complete  the  349  by 
entering  the  necessary  data  for  the  job  he  has 
completed. 

AFTO  Form  350.  Figure  4  shows  an  AFTO 
Form  350.  This  form  is  the  reparable  tag  for  on- 
and  off-base  processing.  The  AFTO  Form  350 
is  a  two-part  form.  Part  1  is  the  processing 
document  and  part  2  is  Tor  Reparable  Process- 
ing Center  (RPC).  Use  of  this  tag  is  essential.  It 
ensures  that  the  status  of- reparable  items  is 
always  identified,  *6rid  provides  a  source 
document  for  information  required  in  com- 
pleting other  maintenance  data  documents. 
This  form  also  provides  a  means  of  controlling 
items  flowing  to  and  from  maintenance  shops. 
In  practice  the  349  and  350  forms  are  often  used 
together. 

In  figure  3  codes  shown  in  columns  A  and  C 
through  F  have  been  taken  from  the  -06  Work 
Unit  Code  Manual  for  the  B-52B  aircraft.  These 
statistical  codes  convert  verbal  descriptions  of 
maintenance  performed  into  computerized 
language  which  lends  itself  to  the  machine 
accounting  system,  used  in  the  Maintenance 
Data  Collection  System. 

Notice  the  code  shown  in  column  C  (45HAG), 
this  describes  the  number  2  Hydraulic  Pack  of 
the  B-52B  aircraft.  The  code  (242)  shown  in 
column  F  translates  to  the  verbal  description  of 
"Failed  to  Operate,,,  thus  columns  F  and  C 
state  that  the  number  2  Hydraulic  Pack  failed 
to  operate. 

For  example,  if  a  reparable  item  is  removed 
from  an  aircraft,  the  mechanic  would  initiate 


A  UMOUE  NUM8ER  THAT 
SERVES  TO  CONTROL 
WORK  IN  PROGRESS 
(7  CHARACTERS) 


THE  WORK  CENTER  THAT 
PERFORMS  THE  WORK  AND 
TAKES  CREDIT  FOR  JOB 
COMPLETION  (5  CHARACTERS) 


A  SIX  0K3IT  NUM8ER 
THAT  I0ENT1FIES  THE  END 
ITEM  (AIRCRAFT)  UPON  WHICH 
WORK  IS  PERFORMED 
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THIS  INFORMATION  USED 
IN  PLANNING  MAJNTENCE 
FOR  D5PATCH 


+ U.S. Government  Printfof  Officii  1173  —  «3fr-37* 


Figure  3 


both  a  349  and  350.  The  349  would  be  used  to 
document  the  action  taken  and  time  expended. 
The  350  would  be  initiated  and  attached  £o  the 
equipment  (part)  to  expedite  and  control  the 
equipment  through  the  repair  cycle  and  back 
into  the  normal  supply  channels. 

All  entries  on  these  forms  with  the  exception 
of  personal  signatures  will  be  typed  or  printed. 
Signatures  may  also  be  typed  or  printed  if 
copied  by  an  individual  other  than  the  original 


signer.  The  handscribed  entries  should  be  made 
in  black  pencil,  unless  otherwise  specified,  to 
ensure  neatness  and  to  permit  correction  of 
minor  errors. 

Hie  entries  required  on  these  forms  are 
covered  in  detail  in  Volume  III  of  the  ATCPT 
52-1.  For  the  time  being  you  should  consider  the 
349  and  350  as  management  tools  used  to 
increase  the  efficiency  of  the  planned  inspec- 
tion concept 


45~) 
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AFTO  FORM  350  FEB.  1977 

PREVIOUS  £OlUP^yj£JlL  BE  USED 


\ 

Aim  f  AH  \ 


U.  S.  GOVERNMENT  PRINTING  Off  ICE:  1977  758-42B 


1UOGET  BUREAU 
NO,  21-R0227 


1.  JOB  CONTROL  NO 


REPARABLE  ITEM  PROCESSING  TAG 


5.  mow 


2.  >D  /  SERIAL  NO    [5.  TM 


O3IQQ0V|tAi7/V  IP 


6.  MDS 


10.  f$C 


7.  WORK  UNIT  CODE 

13ns 


11.  PART  NUMBER 


3A.  SRD 


A80  ff 


4  WHEN 


8.  ITEM  OPER 
TIME 


9.  QTY. 

/ 


V7Q51  V 7735-3/ 


12.  SERIAL  NUMBER 


13.  SUPPLY  DOCUMENT  NUMBER 


14.  DISCREPANCY 


GEAR  SOX  FAiLfO  TO 
OPERATE 


15.  SH3P  USE  ONLY 


ISA.  CMD  /  ACT  10 


TAG  NO- 


939570 


AfTC  350  PT.  1 


16.  SUPPLY  DOCUMENT  NUMBER 


17,  NOMENCLATURE 


18.  PART  NUMBER 


19.  NSN 


20  ACTION 
TAKEN 


21.  QTY. 


TAG  NO. 


22.  RPC.  USE  ONLY 


A/TO  350  PT.  II 


939570 


WARNING 

Unauthorized  persons  remov. 
Inj.  defacing  or  destroyinf 
this  Uf  (or  label)  may  bt 


\ 


subject  to  i  Km  of  not  mort 
than  $1,000  or  Imprisonment 
fof  not  mort  than  one  year 
or  both. 

(18  USC  1  36  1) 

REPAIR  CYCLE  DATA 
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25.  TRANSPORTATION  CONTROL  NUMBER 


24.  SAANCOGE 


STATUS  CHANGED  TO 


26.  SERVICEABLE 


27.  CONDEMNED 


28.  SUPPLY  INSPECTOR'S  STAMP 


29. 


BASE  REPAIR  CYCLE  DATA 


DATE 
REMOVED 


7  Fee  77 


PEC  D  BY  RPC 


TO- 


TO: 


TO: 

DATE  COMPLETED 


MO. 


DAY 


YR. 


TIME 


AWM 


AWP 


Figure  4 


W7 

i7 


Question  Set  IV 

Select  the  correct  response  for  each  of  the 
following  questions  and  record  your  answer  in 
the  appropriate  section  of  your  Student 
Response  Booklet,  Volume  V.  Verify  your 
responses  with  the  answers  at  the  end  of  this 
quertion  set 

1.  Which  of  the  items  listed  below  are  ex- 
amples of  management  tools? 

a.  Workcards. 

b.  Sequence  charts. 

c.  AFTO  Forms  349  and  350. 

d.  All  of  the  above. 

2.  Which  of  the  items  listed  below  contain  the 
minimum  inspection  requirements? 

a.  Sequence  charts. 

b.  Workcards. 

a  AFTO  Forms  349  and  350. 

d.  Sequence  charts  and  workcards. 

3.  The  sequence  chart  is  used 

a.  as  a  checklist. 

b.  to  provide  a  means  of  documenting 
maintenance  actions. 

c.  in  place  of  inspection  workcards. 

d.  for  the  assignment  of  and  control  of  work 
while  the  aircraft  is  in  the  dock. 

4.  Maintenance  work  accomplished  during  an 
inspection  is  recorded  on 

a.  the  sequence  chart  and  workcards. 

b.  inspection  workcards. 

c.  a  special  tablet. 

d.  data  collection  forms. 

5.  Which  of  the  items  listed  below  would  be 
used  by  the  mechanic  as  a  guide  for  performing 
a  thorough  inspection? 

a.  Sequence  chart  and  data  forms. 

b.  Workcards. 

c.  Data  collection  forms. 

d.  Technical  chart. 


Answers  to  Question  Set  IV 

1.  The  answer  is  d.  Workcards,  sequence 
charts,  AFTO  Forms  349  and  350  are  three 
examples  of  management  tools.  There  are 
others.  We  described  the  three  that  are  the  most 
often  used  or  initiated  by  maintenance  per- 
sonnel. 

2.  The  answer  is  b.  The  workcards  contain  the 
minimum  inspection  requirements;  they  may 
also  contain  operating  limits  for  some  systems, 
tolerances,  necessary  adjustments,  and  lubrica- 
tion charts. 

3.  The  answer  is  d.  The  sequence  chart  is  a 
time  based  flexible  timetable.  It  shows  the  start 
time,  elapsed  time  and  work  area  for  each  job. 
Therefore,  the  sequence  chart  provides  a 
graphic  picture  of  how  the  inspection  is 
progressing. 

4.  The  answer  is  d.  Maintenance  work  is 
recorded  on  data  collection  Forms  349  and  350. 
These  forms  are  only  two  examples  of 
maintenance  data  collection  forms.  Start  and 
completion  times  may  be  noted  on  a  sequence 
chart,  if  it  is  used. 

5.  The  answer  is  b.  Inspection  workcards 
serve  as  a  guide  to  perform  an  inspection.  The 
cards  contain,  in  some  cases,  many  specifics  or 
detailed  information  to  help  the  mechanic. 
Should  the  mechanic  require  still  more  infor- 
mation he  can  always  go  to  the  basic  technical 
order  from  which  the  workcards  were  extracted. 

Checklists  may  also  be  extracted  from  the 
basic  Tehnical  Order.  Checklists  differ  from 
workcards  in  that  a  checklist  provides  informa- 
tion that  should  be  accomplished  in  certain 
sequences. 


MAINTENANCE  SYMBOLS 

Symbols,  or  *pecial  characters,  are  used  on 
maintenance  forms  to  make  important  infor- 
mation instantly  apparent  and  to  save  space  on 
maintenance  forms.  We  will  study  five  of  the 
more  commonly  used  maintenance  symbols. 
These  symbols  are  explained  in  greater  detail 
in  TO  00-20-1  and  TO  00-20-;).  (Portions  of  these 
TOs  are  printed  in  ATCPT  52-1,  Volume  IV.) 
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Figure  5.  Maintenance  Symbols.  From  left  to 
right,  red  Xt  circled  red  X,  red  dash,  red 
diagonal,  and  black  last  name  initial 

In  figure  5  you  can  see  the  five  symbols  we  will 
discuss.  Four  are  red  in  color  and  indicate  that 
an  unsatisfactory  condition  exists.  The  red  X 
and  circled  red  X  are  the  most  serious  and 
indicate  that  the  aircraft  or  equipment  can  not 
be  used  until  the  defect  has  been  corrected. 

Red  X 

The  Red  X  symbol  is  the  most  serious  and 
indicates  that  an  aircraft  or  a  piece  of  equip- 
ment is  unsafe  and  may  not  be  used.  An 
aircraft  is  grounded  or  a  piece  of  equipment  is 
restricted  from  use  unt\l  the  unsafe  condition 
has  been  cleared.  A  red  X  symbol  is  entered  on 
the  maintenance  forms  for  the  following  con- 
ditions: 

•  A  major  discrepancy. 

•  A  safety  of  flight  condition.  (Work  being 
done  on  a  critical  part  of  the  aircraft.) 

•  A  piece  of  equipment  is  unsafe  or  unfit  for 
use. 

•  Upon  receipt  of  an  immediate  action 
technical  order. 

After  a  red  X  condition  is  corrected,  it  must  be 
inspected  by  a  qualified  inspector  who  will  then 
clear  the  symbol  by  placing  his  last  name 
initial  over  it  and  writing  his  minimum 
signature  in  the  "Inspected  by"  block. 

Circled  Red  X 

The  Circled  Red  X  symbol  is  used  only  for 
Urgent  Action  Time  Compliance  Technical 
Orders  (TCTO).  It  is  the  second  most  serious 
symbol  and  is  used  to  ground  the  aircraft 
(aircraft  is  not  allowed  to  fly)  when  work  has 
begun  on,  or  the  time  limit  has  expired  on  an 
Urgent  Action  Time  Compliance  Technical 
Order.  An  example  of  a  TCTO  can  be  seen  in 
Volume  V  of  ATCPT  52-1,  Reference  Materials. 
A  circled  red  X  condition  must  also  be  signed 
off  by  a  qualified  inspector.  After  the  defect  has 


been  corrected  the  inspector  places  his  last 
name  initial  over  the  symbol  and  signs  the 
form  in  the  "Inspected  by"  block  (see  figure  6). 
He  will  use  the  minimum  signature,  that  is, 
first  name  initial  and  last  name. 

Red  Dash 

The  Red  Dash  symbol  is  the  third  symbol.  It 
indicates  the  condition  of  the  equipment  is 
unknown  (a  scheduled  inspection  is  due  or 
overdue  on  an  aircraft  or  piece  of  equipment).  A 
red  dash  also  indicates  that  an  accessory 
replacement,  operational  checkout,  special 
inspection,  or  functional  check  flight,  although 
due,  has  not  been  completed. 

Red  Diagonal 

The  Red  Diagonal  symbol  is  the  least  serious 
of  the  red  symbols.  It  indicates  that  an 
unsatisfactory  condition  exists,  but  is  not 
serious  or  dangerous  enough  to  prevent  using 
the  aircraft  or  equipment.  A  red  diagonal 
symbol  is  entered  on  the  maintenance  forms  to 
indicate  a  minor  discrepancy.  The  red  dash  and 
red  diagonal  symbols  can  be  signed  off  by  the 
mechanic  who  corrects  the  defect. 


Black  Last  Name  Initial 

The  last  symbol  shown  in  figure  5  is  the 
"Black  Last  Name  Initial."  This  symbol  when 
entered  in  the  aircraft  maintenance  forms  by 
itself  indicates  that  the  aircraft  or  equipment 
has  no  discrepancies.  When  it  is  entered  over  a 
red  symbol  it  indicates  that  the  person  whose 
name  appears  in  the  "Corrected  by"  block  has 
accomplished  the  required  maintenance  or 
inspected  the  equipment  or  system  and  finds  its 
condition  satisfactory,  which  clears  the  ayxxy 
bol. 

Other  Red  Symbols 

The  red  letters  N,  B,  and  C  inside  a  red  circle 
indicate  that  the  aircraft  may  be  contaminated 
with  a  nuclear,  biological,  or  chemical  agent. 

N  (Nuclear) 
B  (Biological) 
C  (Chemical) 


Question  Set  V 

Select  the  correct  response  for  each  of  the 
following  questions  and  record  your  answer  in 
the  appropriate  section  of(  your  Student 
Response  Booklet,  Volume  V.  Verify  you 
responses  with  the  answers  at  the  end  of  this 
question  set. 

1.  The  purpose  of  maintenance  symbols  is  to 

a.  save  space  on  maintenance  forms. 

b.  make  important  information  instantly 
apparent. 

c.  indicate  the  status  and  condition  of  equip- 
ment. 

d.  all  of  the  above. 

2.  Two  screws  not  tightened  in  the  cockpit 
area.  They  do  not  affect  the  flight  of  the 
aircraft.  The  symbol  used  on  the  aircraft 
maintenance  forms  would  be  the 

a,  red  X. 

b.  ted  diagonal, 
c  circled  red  X. 

d.  black  last  name  initial. 


3.  Work  has  begun  on  an  Urgent  Action  Time 
Compliance  Technical  Order.  The  symbol  used 
on  the  aircraft  maintenance  forms  would  be  a 

a.  red  X. 

b.  circled  red  X. 

c.  red  diagonal. 

d.  in  black  ink. 


4.  A  qualified  inspector  has  inspected  and 
cleared  a  major  discrepancy.  How  would  he 
indicate  that  the  defect  had  been  inspected  and 
cleared? 

a.  He  would  enter  a  red  X  on  the  fonns. 

b.  He  would  enter  a  red  dash  on  the  forms. 

c  He  would  enter  a  red  diagonal  on  the 
forms. 

d.  He  would  place  his  last  name  initial  over 
the  symbol  and  sign  the  "Inspected  by"  block. 
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5.  Th*  symbol  that  is  used  to  show  that  an 
aircraft  is  completely  free  of  discrepancies  is  a 

a.  red  X. 

b.  red  diagonal. 

c.  red  dash. 

d.  black  last  name  initial. 
Answers  to  Question  Set  V 

1.  The  answer  is  d.  The  purpose  of 
maintenance  symbols  is  to  save  space  on 
maintenance  forms,  make  important  informa- 
tion instantly  apparent  and  indicate  status  and 
condition  of  equipment. 

2.  The  answer  is  b.  If  the  safety  of  flight  is  in 
no  way  affected  then  the  symbol,  a  red 
diagonal,  is  used  to  indicate  the  least  serious 
condition. 

3.  The  answer  is  b.  A  circled  red  X  is  entered 
on  the  aircraft  forms  when  work  is  being 
accomplished  on  an  urgent  action  TCTO. 

4.  The  answer  is  d,  A  major  discrepancy 
indicates  a  red  X  or  a  circled  red  X  condition. 
The  inspector,  and  he  must  be  a  qualified 
inspector  authorized  to  sign  off  major  dis- 
crepancies, would  place  his  last  name  initial 
over  the  symbol  and  sign  the  "Inspected  by" 
block. 

5.  The  answer  is  d.  The  black  last  name  initial 
when  entered  by  itself  indicates  that  the 
aircraft  is  free  of  discrepancies. 


ABBREVIATIONS 

The  use  of  abbreviations  in  Air  Force 
communication?  should  be  kept  to  a  minimum. 
However,  experience  has  shown  that  the  use  of 
certain  abbreviations  can  be  useful.  They  save 
space  on  maintenance  forms  and  they  reduce 
the  typing  and  printing  chores.  Also,  some  of 
the  abbreviations  have  been  used  so  long  that 
they  are  more  familiar  in  maintenance  jargon 
than  the  terms  for  which  they  stand.  Therefore, 
you  should  learn  some  of  the  abbreviations  that 
are  used  frequently.  You  will  be  introduced  to  a 
few  of  these  abbreviations  in  the  following 
exercise. 


erJc 
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Exercise  I 

Using  Volume  IV  of  ATCPT  52-1,  Reference  Materials,  turn  to  TO  00-20-1  and  writ*  *k. 

1.  Time  Compliance  Technical  Order 
2*  Minor  Inspection 

3.  Major  Inspection 

4.  Home  Station  Check 

5.  Baric  Postflight 

6.  Preflight   

7.  Thruflight   

8.  Not  Applicable 

9.  Periodic 

10.  Complied  With   

11.  Carried  Forward 

12.  Previously  Complied  With   

13.  Not  Complied  With  

14.  Not  Reparable  This  Station  

15.  Technical  Order 


4C>() 
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Answers  to  Exercise  I 


1.  Time  Compliance  Technical  Order 

TCTO 

2.  Minor  Inspection 

MIN 

3.  Major  Inspection 

MAJ 

4.  Home  Station  Check 

HSC 

5.  Basic  Postflight 

BPO 

6.  Preflight 

PR 

7.  Thruflight 

TH 

8.  Not  Applicable 

NA 

9.  Periodic 

PE 

10.  Complied  With 

CW 

11.  Carried  Forward 

CF 

12.  Previously  Complied  With 

PCW 

13.  Not  Complied  With 

NCW 

14.  Not  Reparable  This  Station 

NRTS 

15.  Technical  Order 

TO 

ERIC 


461- 


Question  Set  VI 

Select  the  correct  response  to  the  following 
question  and  record  your  answer  in  the  ap- 
propriate section  of  your  Student  Response 
Booklet,  Volume  V.  Verify  your  response  with 
the  answer  at  the  end  of  this  question  set. 

1.TO  00-20-1  states  that  the  entries  on 
maintenance  records  will  preferably  be 

a.  in  ink. 

b.  in  pencil. 

c.  in  pencil  but  an  occasional  pen-am"  k 
entry  is  acceptable. 

d.  entered  in  red. 
Answers  to  Question  Set  VI 

1.  The  answer  is  c.  (ATCPT  52-1,  Volume  IV) 

AFTO  781  SERIES  FORMS 

A  set  of  781  series  forms,  Aircraft  Flight 
Report  and  Maintenance  Records,  is  main- 
tained for  each  aircraft  in  the  Air  Force 
inventory  These  forms  are  maintained  in  a 
Iooseleaf  binder  that  is  kept  in  the  aircraft. 

The  781  series  forms  have  gone  through 
many  changes  and  revisions.  This  is  un- 
derstandable, since  the  purpose  is  to  design  a 
•et  of  forms  that  will  present  a  "clear  picture" 
of  the  status  and  condition  of  the  aircraft. 

,  Entries  are  made  by  several  different  persons 
in  varying  capacities.  The  flight  crew,  crew 
chief,  mechanics  and  specialists  are  all 
authorized  to  make  entries  on  one  or  more  of 
the  781  series  forms. 

The  crew  chief  or  his  alternate  will  ensure 
that  enough  copies  of  the  AFTO  Forms  781  are 
aboard  the  aircraft.  The  aircraft  commander 
will  ensure  that  the  forms  properly  reflect 
pertinent  flight  data  and  the  flying  time  for  all 
Personnel  who  are  authorized  t"  participate  >n 
he  flight. 

The  AFTO  Form  781  series  of  aircraft  records 
consists  of  the  following  forms: 

•  AFTO  Form  781 F,  Aerospace  Vehicle 
Flight  Report  and  Maintenance  Document. 
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•  AFTO  Form  781,  Aerospace  Flight  Data 
Document. 

r./*AFT0  Form  781H>  AerosP°ce  Vehicle 
Flight  Status  and  Maintenance  Document. 

•  AFTO  Form  781  A,  Maintenance  Dis- 
crepancy and  Work  Document. 

•  AFTO  Form  78  U,  Aerospace  Vehicle- 
Engine  Flight  Document. 

•AFTO  Form  781K,  Aerospace  Vehicle 
Inspection,  Engine  Data,  Calendar  Item  In- 
spection and  Delayed  Discrepancy  Document. 

•  AFTO  Form  781C,  Avionics  Configuration 
and  Load  Status  Document. 

•  AFTO  Form  781 D,  Calendar  and  Hourly 
Item  Inspection  Document. 

•  AFTO  Form  781E,  Accessory  Replacement 
Document. 

•  AFTO  Form  781M,  Status  Symbols  and 
Functional  System  Codes. 

.    •AFTO    Form    781 G,    General  Mission 
Classifications— Mission  Symbols. 


ENTRIES  ON  THE  AFTO  FORM  781 A 

The  AFTO  Form  781A  is  used  to  document 
each  discrepancy  discovered  by  the  pilot  or 
maintenance  personnel.  As  stated  previously, 
the  crew  chief  or  his  alternate  will  be  responsi- 
™5r  ensurin&  that  enough  copies  of  the 
AFTO  Form  781A  are  available  for  the  entire 
mission.  Also,  he  will  remove  forms  from  the 
binder,  transcribe  open  writeups  to  a  'new 
AFTO  Form  781A  and  forward  the  removed 
forms  to  the  maintenance  officer.  After  review 
by  the  maintenance  supervisor  the  AFTO  Form 
781A  will  be  forwarded  to  the  documentation 
activity  for  filing. 

If  you  are  assigned  to  a  maintenance 
organization,  sometime  during  your  career  you 
will  have  to  accomplish  most  of  the  781  series 
forms.  As  a  three  level  you  should  be  able  to 
make  entries  on  the  781 A  which  has  to  do  with 
maintenance  discrepancies  and  work.  (You 
might  have  known  if  there  was  any  work  to  be 
done  they  would  have  you  there.) 

The  AFTO  Form  781 A  is  basically  a  simple 
form  and  almost  self-explanatory.  However 
some  information  is  necessary  since  this  is 
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your  first  introducticn  to  this  form.  The 
information  that  follows  has  been  condensed 
from  TO  00-20-5.  It  is  meant  to  aupply  sufficient 
information  to  complete  this  text  and  is  not 
complete  in  all  details.  Always  remember  to 
check  the  latest  00-20-5  and  related  technical 
orders  when  using  this  form  in  an  actual 
maintenance  situation.  Refer  to  figure  6  as  you 
read  the  following  information. 

Page  of  Pages.  Enter  the  page 

number.  Example:  page  1  of  3  pages.  The  front 
and  back  of  the  form  will  be  considered  as 
separate  pages  and  will  be  numbered  accor- 
dingly. 

Date.  Enter  the  dates  to  indicate  the  elapsed 
period  covered  by  the  form.  Example:  from 
01/05/7  to  02/05/7.  The  "FROM"  date  on  a 
new  form  will  be  the  sane  as  the  "TO"  date  on 
the  closed  out  form. 

Crew  Chief.  Enter  the  first  name  initial,  last 
name,  and  grade  of  the  assigned  crew  chief. 
Example:  M.  Griffin,  SSgt. 

Orgn  Enter  the  organization  to  which  the 
aerospace  vehicle  is  assigned.  Example:  60th 
MAW. 

Location.  Enter  the  base  where  the  organiza- 
tion is  located.  Example:  Travis  AFB,  Califor- 
nia. Overseas  organizations  will  enter  their 
APO  number  in  this  block. 

MDS.  Enter  the  aerospace  vehicle  mission, 
design,  and  series  designator.  Example:  C- 
141  A. 

Serial  No.  Enter  the  aerospace  vehicle  serial 
number.  Example:  61-0164. 

Sym  Block.  Enter  the  proper  symbol  for  each 
discrepancy  (red  X,  red  dash,  etc.).  When  a 
discrepancy  is  corrected,  an  initial  will  be 
placed  over  the  symbol.  Red  dash  and  red 
diagonal  symbols  will  be  initialed  over  by  the 
individual  who  performs  the  corrective  action. 
If  the  defect  carried  a  red  X  or  circled  red  X 
symbol,  the  corrective  action  must  be  inspected 
and  signed  off  by  an  inspector  or  supervisor 
designated  to  clear  red  X  symbols.  Specific 
instructions  for  clearing  red  X  symbols  are 
contained  in  TO  00-20-1. 

NOTE:  Never  erase  a  symbol  entered  in  error. 
If  a  symbol  is  entered  in  errort  make  the 
following  applicable  statement  in  the  corrective 


action  block:  "Symbol  entered  in  error,  dis- 
crepancy and  correct  symbol  entered  below," or 
"Symbol  entered  in  error,  no  discrepancy 
exists."  Then  sign  the  "Corrected  by" block  and 
initial  over  the  erroneous  symbol.  If  the 
erroneous  symbol  is  a  red  X,  the  erroneous 
symbol  must  be  verified  by  an  individual 
authorized  to  clear  red  X  symbols. 

Date  Disc  WDC,  JCN,  Tag  No.9  Discrepancy 
and  DN.  The  person  entering  the  defect  will 
print  the  date  discovered,  when  discovered 
code,  and  a  description  of  the  defect.  If  a  pilot 
makes  the  entry,  he  will  enter  the  number  of  his 
flight  on  the  first  vacant  line  in  the  discrepancy 
block.  Example:  Fit  No.  1.  The  crew  chief  will 
enter  the  job  control  number  (when  assigned) 
and  the  supply  document  number  if  parts  are 
ordered. 

Only  one  discrepancy  will  be  entered  for  each 
discrepancy  block.  However,  as  many  dis- 
crepancy blocks  as  necessary  may  be  used  to 
complete  a  single  discrepancy. 

The  pilot  or  aircrew  member  will  enter  their 
signature  and  grade  in  the  "DISCOVERED 
BY"  block  of  his  last  entry.  Maintenance 
personnel  will  enter  their  signature  and  grade 
in  the  "DISCOVERED  BY"  block  for  each 
discrepancy  they  enter. 

When  a  part  is  returned  to  supply  or  routed 
through  the  Reparable  Processing  Center 
(RPC)  the  individual  removing  the  item  will 
enter  the  tag  number  of  the  AFTO  Form  350 
(Reparable  Item  Processing  Tag)  in  the-  ap- 
propriate block. 

Corrected  Action.  When  a  defect  is  corrected, 
a  brief  description  of  the  corrective  action  will 
be  documented  in  the  "Corrective  Action"  block 
and  the  date  will  be  entered  in  the  "DATE 
CORRECTED"  block. 

CF  to  781  A.  Transferred  to  781 K.  Transferred 
By.  When  a  new  AFTO  Form  781 A  is  initiated, 
any  uncorrected  discrepancies  may  be 
transferred  to  the  new  form  and  the  page 
number.  iu-m  number,  and  date  of  the  new  form 
entered  in  the  "CF  TO  781A"  block.  The 
signature  of  the  person  who  carried  the  entry 
forward  is  placed  in  the  'TRANSFERRED  BY" 
block.  If  red  X  or  circled  red  X  discrepancies  are 
not  involved,  the  discrepancy  may  be 
transferred  to  the  AFTO  Form  781K  after 
which  the  date  of  transfer  is  entered  in  the 
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••TRANSFERRED  TO  78 IK"  block,  and  the 
minimum  signature  and  grade  of  the  person 
making  the  transfer  is  entered  in  the 
•TRANSFERRED  BY"  block. 

An  initial  will  not  be  placed  over  the  symbol 
for  discrepancies  that  are  carried  forward  or 
transferred  to  another  form. 

Exercise  II 

Use  the  following  information  to  m*ke 
entries  in  the  AFTO  Form  781 A  shown  in 
Exercise  II  of  your  Student  Response  Booklet, 
Volume  V.  Verify  your  work  with  the  Answer  to 
Exercise  II  shown  on  the  next  even  number 
page  (figure  8). 

AlC  H.  Jones  found  a  red  diagonal  condition 
consisting  of  an  oil  leak  at  the  oil  cooler  inlet 
tube  on  number  one  engine  on  1  July  1977. 


Using  the  following  information  make  the 
necessary  entries  on  the  7S1A  in  the  Student 
Response  Booklet  to  clear  the  discrepancy. 

The  required  symbol  is  a  red  diagonal. 

The  When  Discovered  Code  (WDC)  is  "F." 

The  Job  Control  Number  (JCN)  is  1830066. 

The  discrepancy  was  r  rrected  by  replacing 
an  "O"  ring  seal  and  the  pressure  check  was 
O.K. 

The  discrepancy  was  corrected  by  Sgt  E. 
Ward,  Employee  Number  WO  153  on  the  same 
day  it  was  discoverd  (\  July  1977). 

Do  not  make  entries  in  the  AFTO  Form  781A 
shown  in  figure  7.  Use  the  AFTO  Form  781 A  in 
Student  Response  Booklet,  Volume  V,  which  is 
identical. 


Figure  7 
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Exercise  III 

Use  the  folloN-ring  information  to  make 
entries  in  the  AFTO  Form  781 A  shown  in 
Exercise  III  of  your  Student  Response  Booklet, 
Volume  V.  Verify  your  work  with  the  Answer  to 
Exercise  III  shown  on  the  next  even  numbered 
page  (figure  10). 

On  28  January  1977,  1st  Lt  V.  Bock  dis- 
covered the  exhaust  gas  temperature  (EGT) 
fluctuated  intermittently  on  aumber  one 
engine. 

Use  the  following  information;  make  the 
necessary  entries  on  the  781A  in  the  Student 
Response  Booklet  to  clear  the  discrepancy. 


The  required  symbol  is  a  red  diagonal. 

The  When  Discovered  Code  (WDC)  is  "D." 

The  Job  Control  Number  (JCN)  is  0280081. 

The  Document  Number  (DN)  is 
X103FL70280125. 

The  discrepancy  was  corrected  by  replacing 
the  thermocouple  harness.  An  operational 
check  proved  the  system  was  O.K. 

You  did  the  corrective  work. 

Do  not  make  entries  in  the  AFTO  Form  781 A 
shown  in  figure  9.  Use  the  AFTO  Form  781 A  in 
Student  Response  Booklet,  Volume  V.  The  two 
forms  are  identical 
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Exercise  IV 

Use  the  following  information  to  make 
entries  in  the  AFTO  Form  781 A  shown  in 
Exercise  IV  of  your  Student  Response  Booklet, 
Volume  V.  Verify  your  work  with  the  Answer  to 
Exercise  IV  shown  on  the  next  even  numbered 
page  (figure  12). 

During  a  flight  on  23  June  1977,  Capt  K. 
Deniston,  who  was  flying  copilot,  was  very 
annoyed  because  the  microphone  button  kept 
•ticking.  He  entered  this  defect  on  the  AFTO 
Form  781A. 

Using  the  following  information  make  the 
necessary  entries  on  the  781A  in  the  Student 
Response  Booklet  to  clear  the  discrepancy. 


The  required  symbol  is  a  red  diagonal. 

The  When  Discovered  Code  (WDC)  is  4<D." 

The  Job  Control  Number  (JCN)  is  1740041. 

The  Document  Number  (DN)  is 
X103FL71740135. 

The  discrepancy  was  corrected  by  replacing 
the  copilot's  mike  switch. 

Vou  did  the  corrective  work  on  the  same  day 
that  the  defect  was  found. 

Do  not  make  entries  on  the  AFTO  Form  781 A 
shown  in  figure  11.  Use  the  AFTO  Form  781A 
in  the  Student  Response  Booklet,  Volume  V. 
The  two  forms  are  identical. 
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Student »s  last  name  Initial 
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Question  Set  VII 

Select  the  correct  response  for  each  of  the 
following  questions  and  record  your  answer  in 
the  appropriate  section  of  your  Student 
Response  Booklet,  Volume  V.  Verify  your 
responses  with  the  answers  at  the  end  of  this 
question  set 

1.  The  aircraft  flight  and  maintenance  record 
is  recorded  on 

a.  sequence  charts. 

b.  AFTO  Form  349. 

c.  AFTO  781  series  forms. 

d.  workcards. 

2.  Which  of  the  following  names,  if  written, 
would  be  a  minimum  signature? 

a.  Kenneth  Deniston. 

b.  Edward  Wojick. 

c.  Ralph  W.  Hayes. 

d.  R  Hayes,  MSgt. 

3.  Which  of  the  following  statements  concer- 
ning the  AFTO  781  series  forms  are  true? 

a.  They  are  kept  in  a  looseleaf  binder. 

b.  They  are  kept  in  the  aircraft. 

c.  A  set  is  maintained  for  each  aircraft. 

d.  All  of  the  above  statements  are  true. 

4.  The  "Maintenance  Discrepancy  and  Work 
Document,"  in  which  discrepancies  and  the 
work  that  is  done  to  correct  the  discrepancies  is 
documented,  is  the  AFTO  Form. 

a.  349. 

b.  360. 

c.  781A. 

d.  781 H. 

5.  To  find  current  information  concerning  the 
781  series  forms  always  refer  to  the  latest 

a.  AFM  66-1. 

b.  00-20  series  TOs. 

c.  TO  00-5-1. 

d.  00-35  series  TOs. 
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6.  If  you  enter  a  red  symbol  in  error  on  the 
AFTO  Forms  781  A,  the  correct  thing  to  do  is  to 

a.  erase  the  symbol. 

b.  write  in  the  "Corrected  Action"  block, 
"Symbol  entered  in  error,  discrepancy  and 
correct  symbol  reentered  below"  or  "Symbol 
entered  in  error  no  discrepancy  exists." 

c.  sign  the  "Corrected  by"  block  and  initial 
over  the  symbol. 

d.  both  b  and  c  are  correct. 


Answers  to  Question  Set  VII 

1.  The  answer  is  c,  AFTO  781  series  forms. 
The  sequence  chart  and  workcards  are  used  in 
the  inspection  system.  The  349  is  used  to  record 
discrepancies  found  during  inspection. 

2.  The  answer  is  d.  The  first  name  initial  and 
the  last  name  spelled  out  followed  by  your  rank 
is  considered  the  minimum  signature  for  use  on 
the  781  maintenance  forms. 

3.  All  answers  ar<,  true.  A  set  of  781  series 
forms  must  be  maintained  for  each  aircraft, 
they  are  kept  in  the  aircraft  in  a  looseleaf 
binder.  Some  individual  forms  may  not  be  used 
on  every  aircraft  because  of  mission  re- 
quirements but  a  set  of  781  forms  must  be 
maintained  on  each  aircraft.  Answer  d  is  the 
most  complete  answer. 

4.  The  answer  is  c.  The  781  A,  Maintenance 
Discrepancy  Work  Document,,  is  used  to  record 
discrepancies  and  the  corrective  actions 
necessary  to  char  the  discrepancy.  The  78 1H  is 
used  to  record  maintenance  status  and  ser- 
vicing information. 

5.  The  answer  is  b.  Specifically,  TO  00-20-5 
Most  of  the  material  for  this  text  was  taken 
from  this  TO. 

6.  The  answer  is  d.  TO  00-20-1  states  that  a 
red  symbol  will  never  be  erased  and  directs  that 
the  procedure  be  followed  as  given  in  b  and  c 
unless  the  symbol  is  a  red  X  or  circled  red  X  in 
which  case  an  inspector  must  sign  off  and 
initial  over  the  symbol. 
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Jet  Engine  Branch 
Chanute  AFB,  Illinois 


3ABR42633-SG-205 
A  January  1980 


TURBOPROP  ENGINE  STARTER  AND  IGNITION  SYSTEMS 


OBJECTIVE 

After  completing  this  study  guide  and  your  classroom  instruc- 
tion, you  will  be  able  to  explain  the  purpose,  operation,  and 
arrangement  of  the  engine  starter  and  ignition  systems. 

INTRODUCTION 

Like  the  automobile  engine,  the  aircraft  engine  has  a  starter 
and  ignition  system.    The  air  turbine  starter  is  geared  to  the 
engine  to  rotate  the  engine  compressor  during  the  starting  cycle. 
The  starter  can  be  operated  with  compressed  air  supplied  from  the 
gas  turbine  compressor  (GTC) ,  another  operating  engine  on  the  air- 
craft, or  an  external  source  of  air.     Once  the  engine  is  energized 
and  supplied  with  a  fuel-air  mixture,  ignition  is  necessary.  The 
ignition  system  ignites  the  fuel-air  mixture  in  the  combustion 
chambers  and  shuts  off  automatically  when  the  engine  accelerates 
to  a  predetermined  speed  (RPM) . 


Starter  Switches 

The  engine  ground  start  switches  (see  figure  1)  are  located  on 
the  engine  starting  panel  on  the  overhead  control  panel.     Each  switch 
is  used  to  open  the  starter  control  valve  to  permit  operation  of  the 
starter.    The  switch  button  is  pushed  in  manually,  then  a  holding  coil 
holds  the  button  in.    At  the  same  time,  the  starter  control  valve  is 
energized  open.    A  red  light  in  the  button  glows  as  long  as  the 
button  is  held  in.    When  the  engine  accelerates  to  a  preset  speed, 
the  centrifugal  cutout  switch  in  the  starter  is  actuated  open  to 
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Figure  1.     Engine  Start  Panel. 
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cause  the  starter  control  valve  to  close  and  the  starter  switch 
(button)  to  be  released,  causing  the  light  to  go  out.    The  button 
can  be  pulled  manually  at  any  time  to  discontinue  starter  operation. 


Starter 

Each  engine  is  equipped  with  a  pneumatic  starting  system.  The 
starter  (see  figure  2)  is  designed  to  rotate  the  compressor  fast 
enough  to  provide  sufficient  air  to  support  combustion  and  to  cool 
the  engine.    The  starter  is  geared  to  the  engine  throagh  the  reduc- 
tion gear  assembly  and  obtains  air  through  the  bleed  air  manifold. 
Air  may  be  supplied  to  the  bleed  air  manifold  by  the  gas  turbine 
compressor,  another  operating  engine  or  an  external  air  source 
(MA-1A) . 


0 


Figure  2.     Engine  Starting  System  Components  Locations, 
Starter  Control  Valve 

The  starter  control  valve  controls  the  flow  of  bleed  air  to 
the  starter  (see  figure  2),  It  is  a  combination  air  shutoff  and 
regulator  valve.  This  valve  is  located  in  the  starter  air  inlet 
duct.  This  valve  is  energized  open  during  the  engine  starting 
cycle  and  is  deenergized  closed  automatically  by  the  centrifugal 
cutout  switch  or  manually  by  pulling  the  starter  switch  (button), 

Three-Way  Hot  Air  Valve  Assembly 

A  three-way,  solenoid-operated  valve  is  provided  to  control 
the  closing  of  the  compressor  raidstage  bleed  valves.     The  valve 
is  mounted  to  the  top  of  the  engine  compressor  section.  It 
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receives  air  pressure  from  the  compressor's  14th  stage.  The 
solenoid  is  energized  during  the  engine  starting  cycle  to  close 
the  three-way  hot  air  valve.    This  cuts  off  the  supply  of  air  from 
the  14th  stage  and  permits  the  midstage  valve  to  open  (see 
figure  2). 

IGNITION  SYSTEM 

The  purpose  of  the  ignition  system  is  to  supply  a  current  which 
fires  the  spark  igniters  in  the  combustion  chambers.  Ignition 
occurs  automatically  during  the  starting  cycle  and  continues  until 
the  engine  is  turning  fast  enough  to  sustain  combustion  of  the 
fuel.    The  ignition  system  is  a  high  voltage,  condenser-discharge 
type.    Units  of  the  system  consist  of  an  ignition  relay,  a  speed 
sensitive  control,  an  ignition  exciter,  and  two  spark  igniters 
(see  figure  2) , 

Ignition  Relay 

The  ignition  relay  is  a  normally  open  relay  mounted  on  the 
upper  compressor  housing.     It  is  energized  by  the  speed  sensitive 
control  during  the  starting  cycle  when  the  engine  reaches  16Z 
rpm.     It  is  deenergized  by  the  speed  sensitive  control  when  the 
engine  reaches  65Z  rpm.    When  energized,  it  completes  circuits  to 
the  ignition  exciter,  which  fires  the  spark  igniters;  to  the  fuel 
manifold  drain  valve  solenoid,  which  closes  the  drain  valve;  to 
the  paralleling  valve,  which  parallels  the  fuel  pumps;  and  to 
the  fuel  enrichment  relay,  which  energizes  the  fuel  enrichment 
valve  solenoid  (providing  the  fuel  enrichment  switch  on  the  engine 
start  panel  is  in  the  normal  position).    When  deenergized,  the 
ignition  relay  breaks  these  circuits  and  they  return  to  their 
deenergized  condition  (see  figure  2) , 

Igniter  Exciter 

The  ignition  exciter  receives  28-volts  DC  from  the  ignition 
relay  and  steps  it  up  to  high  voltage  required  by  the  spark 
igniters  to  ignite  the  fuel  air  mixture  during  the  engine  start 
cycle  (see  figure  2). 

Spark  Igniters 

The  engine  uses  only  two  spark  igniters.    They  are  located 
in  combustion  chambers  two  and  five.    Flame  is  supplied  to  the 
four  other  chambers  by  crossover  tubes  (see  figure  2) , 

SUMMARY 

Compressed  air  causes  the  starter  to  rotate  the  compressor 
rotor  bringing  air  into  the  engine.    The  engine-driven  fuel  pump 
sends  fuel  under  pressure  to  the  manifold.    At  a  predetermined 
speed,  the  drip  valve  closes  and  fuel  enters  the  combustion 
chambers.    At  this  same  instant,  the  ignition  relay  closes  and  the 
spark  ignites  the  fuel-air  mixture  in  the  combustion  chambers; 
the  mass  expands  and  turns  the  turbine  wheels  on  its  way  out  of 
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the  engine.    The  energy  derived  from  the  hot  gases  rotating  the 
turbine  wheels  assists  the  starter  in  turning  the  compressor  rotor 
faster.    At  a  predetermined  engine  speed,  the  starter  and  ignition 
systems  are  cut  off  by  the  engine  speed  sensing  control  and  the 
engine  is  started. 

QUESTIONS 

1.  What  is  the  indication  when  the  engine  ground  start 
•witches  are  energized? 

2.  Where  is  the  pneumatic  starter  located? 

3.  What  controls  the  bleed  air  to  the  pneumatic  starter? 

4.  Where  does  the  pneumatic  starter  obtain  its  air  source? 

5.  What  component  completes  the  circuit  to  the  igniter 
exciter? 

6.  Where  are  the  spark  igniters  located? 

7.  How  are  the  combustion  chambers  without  igniter  plugs  fired? 

8.  Where  is  the  ignition  relay  located? 
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TURBOPROP  ENGINE  STARTER  AND  IGNITION  SYSTEMS 

OBJECTIVES 

After  completing  this  workbook  and  your  classroom  instruction, 
you  will  be  able  to: 

1.  Explain  the  purpose,  operation,  and  arrangement  of  the 
starter  system. 

2.  Explain  the  purpose,  operation,  and  arrangement  of  the 
ignition  system. 

EQUIPMENT 

Basis  of  Issue 
TO  1C-130B-2-4  1/student 

PROCEDURE 

Using  TO  1C-130B-2-4  and  the  information  presented  in  the  classroom, 
fill  in  the  spaces  provided  with  the  correct  information. 

Project  1.     STARTER  SYSTEM 

1.  The  purpose  of  the  starter  system  is  to  rotate  the.  engine  to 
a   -sustaining  RPM. 

2.  The  purpose  of  the  starter  control  valve  is  to   

the  pressure  of  the  air  flowing  to  the  • 

3.  The  starter  is  mounted  to  the    face  of  the 

reduction  gearbox. 

4.  The  starter   automatically  disengages  the 

starter  from  the  engine. 
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5.  The  starter  duty  cycle  is   minute  ON, 

0FF»   minute  ON,  minute  OFF, 

minute  ON,   minutes  OFF* 

6.  The  oil  quantity  must  be  maintained  at  its  normal  level  to 
prevent    to  the  starter. 

7-      The  starting  cycle  is  controlled  by  the   

 panel. 

8#      At    percent  the  starter  button  is  released. 

Project  2.     IGNITION  SYSTEM 

1.  The  purpose  of  the  speed  sensitive  control  is  to 
the  fuel  pumps  and  supply  t   to  the  engine. 

2.  At  approximately  percent  the 


 ~   control  places  the  fuel  pumps  in  __  operation. 

3#      ^  =   supplies  high  voltage  to  the 

igniter  plugs  for  ignition  of  engine  fuel. 

4,  There  are    leads  that  connect  the  

 to  the  . 

5.  The  ignition  exciter  is  mounted  on  the  case 

 M  side. 


6.      ihe  igniter  plugs  are  mounted  in  the 
case. 
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TURBOPROP  COMPRESSOR  BLEED  SYSTEM 

OBJECTIVES 

After  completing  this  study  guide  and  your  classroom  instruc- 
tion, you  will  be  able  to  state  the  purpose,  units,  location,  and 
operating  principles  of  the  T56  engine  compressor  bleed  system* 

INTRODUCTION 

There  are  two  types  of  bleed  air  systems  used  on  C-130  aircraft. 
One  is  the  pneumatic  bleed  air  system  which  is  used  to  supply  air 
to  the  various  systems  on  the  aircraft  that  require  an  air  supply. 
The  other  is  the  compressor  bleed  system  used  to  prevent  surges  and 
stalls  during  acceleration  of  the  engine.    This  system  is  sometimes 
referred  to  as  the  acceleration  bleed  system. 

INFORMATION 

PNEUMATIC  BLEED  AIR  SYSTEMS 

The  engine  bleed  air  system  consists  of  high  pressure  ducts  and 
valves  which  conduct  compressed  air  to  pneumatically  operated 
systems  of  the  aircraft* 

Three  different  sources  are  provided  for  a  supply  of  compressed 
air  to  the  pneumatic  systems.    When  any  or  all  of  the  engines  are 
running,  the  supply  of  bleed  air  is  taken  from  the  compressor  dif- 
fuser  section  of  the  engine.    When  on  the  ground  with  the  engines 
•hut  down,  the  supply  may  come  from  the  onboard  gas  turbine  com- 
pressor (GTC)  or  from  an  external  source.    A  more  detailed  descrip- 
tion can  be  found  in  TO  1C-130B-2-10,  C-130B  Utility  Systems.  The 
power  plant  rel&ted  penumatically  operated  systems  on  the  C-130 
aircraft  which  use  bleed  air  are: 

1.  Engine  starting  system 

2.  Nacelle  preheat  system 

3.  Engine  air  inlet  and  oil  cooler  scoop  anti-icing  system 

COMPRESSOR  STALLS 

When  designing  a  compressor,  engineers  must  consider  a  condi- 
tion known  as  a  "compressor  stall •"    A  compressor  stall  occurs  when 
the  airflow  through  the  compressor  breaks  down  or  is  interrupted. 
A  compressor  surge  is  a  stage  of  stall.    The  severity  of  a  stall 
depends  upon  the  area  involved  -  whether  one  stage,  several  stages, 
or  the  entire  compressor  is  involved. 
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During  a  stall,  the  rotor  blades  cannot  move  sufficient  air 
rearward  to  support  combustion.    Stalls  are  most  likely  to  occur 
during  rapid  acceleration,  as  during  a  start.    Then,  the  amount 
of  air  needed  if  more  than  the  compressor  output.    Extra  fuel 
is  added  to  accelerate  the  turbine.     Should  the  fuel  be  added  too 
rapidly,  the  pressure  in  the  combustion  chambers  will  exceed 
compressor  discharge  pressure,  thus  causing  the  air  to  reverse 
flow  momentarily.    If  this  flow  reversal  is  momentary,  a  surge 
results,  or  if  the  reversal  is  prolonged,  a  stall  will  result. 
Failure  to  stop  a  surge  or  stall  by  retarding  the  throttle  may 
severely  damage  an  engine. 

Several  methods  are  in  use  which  help  prevent  stalls  and 
surges.    On  the  T56  engine,  compressor  bleed  valves  are  used.  The 
use  of  these  bleed  valves  allows  the  engine  to  accelerate  more 
rapidly.    These  valves  open  above  16%  engine  rpm  and  remain  open 
until  94%  engine  rpm,  allowing  a  more  stable  airflow  through  the 
engine,  which  permits  the  addition  of  more  fuel  during  acceleration. 
Since  the  T56  engine  is  a  constant  speed  engine,  once  it  reaches 
design  speed  (13,820  rpm),  it  is  not  subject  to  acceleration  stalls. 

COMPRESSOR  BLEED  SYSTEM 

Acceleration  bleed  valves  are  installed  on  the  5 tl   and  10th 
stages  of  the  compressor.    These  valves  unload  excess  air  from  the 
compressor  during  starting  and  acceleration  and  in  this  way  help 
prevent  compressor  stalls. 

The  eight  valves  discharge  the  air  into  sheet  metal  collectors 
which  duct  the  bleed  air  aft  of  the  engine  firewall.    This  hot 
bleed  air  is  a  fire  hazard  so  it  must  be  vented  to  a  fireproof 
area.    These  bleed  valves  open  above  16%  rpm  and  close  above  94% 
rpm.    A  speed  sensitive  valve,  mounted  on  the  front  of  the  accessory 
case,  controls  the  opening  of  the  acceleration  bleed  valves.  This 
speed  sensitive  valve  is  controlled  by  flyweights.     Below  13,000  rpm, 
the  top  sides  of  the  bleed  valves  are  vented  to  atmosphere  through 
the  speed  sensitive  valve.     Since  atmospheric  pressure  is  less 
than  5th  and  10th  stage  air  pressure,  the  greater  pressure  holds  the 
valves  open.    Above  13,000  rpm,  the  flyweights  will  move  the  speed 
sensitive,  closing  the  vent  to  atmosphere  and  opening  the  top  sides 
of  the  bleed  valves  to  14th  stage  pressure.    This  14th  stage  air 
is  carried  from  the  diffuser  to  the  speed  sensitive  valve  by  an 
external  line. 

QUESTIONS 

1.  What  are  the  two  types  of  bleed  air  systems  used  on  C-130 
aircraft? 

2.  Where  is  bleed  air  taken  from  the  engine  to  supply  air  to 
the  aircraft  pneumatic  systems? 

3.  What  is  a  compressor  stall? 

4.  What  is  the  difference  between  a  stall  and  a  surge? 

5.  What  is  used  on  the  T56  engine  to  help  prevent  stalls? 

6.  What  controls  the  opening  of  the  compressor  bleed  valves? 
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TURBOPROP  ENGINE  RPM  AND  TORQUE  INDICATING  SYSTEMS 

OBJECTIVES 

After  completing  this  workbook  and  your  classroom  instruction, 
you  will  be  able  to: 

1.  State  the  purpose,  operation,  and  arrangement  of  the  turboprop 
engine  RPM  system. 

2.  State  the  purpose,  operation,  and  arrangement  of  the  turboprop 
engine  torque  system. 

EQUIPMENT 

Basis  of  Issue 
TO  1C-130E-1  1/student 

PROCEDURE 

Uging  TO  1C-130B-1  and  the  information  presented  in  the  classxv*v^ 
presentation,  fill  in  the  spaces  provided  with  the  correct  inf onnati'^. 

Project  1.     RPM  INDICATING  SYSTEM 

1.      The  purpose  of  the  RPM  indicating  systems  is  to  provide  the 

operator  with  an  indication  of    rpm. 

2«      The   is  mounted  on  the  

face   »f  the  reduction  gearbox. 

The  tachometer  generator  sends  an  electrical  signal  to  the 

  in  the  cockpit. 


4.      The  tachometer  indicator  indicates  engine  RPM  in 
maximum  RPM. 

5»      The  RPM  indicating   provides   

performance  data.  ~~ 
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Project  2.    TORQUE  INDICATING  SYSTEM 
1.      The  purpose  of  the  torque  indicating  system  is  to  provide 

the  engine  operator  with  an  indication  of   ,  being 

produced  by  each  engine. 

2#      The  pickup  senses  the  torque  shaft   


wheel  teeth  are  out  of  phase  with  the    shaft  exciter 

wheel  teeth. 

3.  The  torquemeter  __  .  receives  the  electrical 

signal  from  the  torquemeter  pickup  in  inch  pounds. 

4.  The  torquemeter  pickup  is  mounted  to  the  torquemeter 


5.  There  are   shafts  in  the  torquemeter  assembly. 

6.  The  torque  indicator  is  located  on  the   

instrument  panel. 
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Jet  Engine  Branch  3ABR42633-SG-201 
Chanute  AFB,  Illinois 

TURBOPROP  ENGINE  OIL  SYSTEM 


OBJECTIVE 

After  completing  this  study  guide  and  your  classroom  instruction, 
you  will  be  able  to  state  the  purpose,  units,  location,  and  operating 
principles  of  the  T56  engine  oil  system. 

INTRODUCTION 

The  purpose  of  the  oil  system  is  to  cool,  lubricate,  and  clean  the 
oil  wetted  parts  of  the  engine.    The  T56  engine  oil  system  has  parts 
located  in  the  aircraft  nacelle  as  well  as  on  the  engine.    It  is  a  dry 
sump  type  oil  system  with  the  oil  tank  being  located  in  the  aircraft 
nacelle. 


INFORMATION 

The  T56  power  section  and  reduction  gear  assembly  have  separate  and 
independent  oil  systems  which  use  a  common  airframe  furnished  oil  tank. 
The  power  section  contains  an  independent  lubrication  system  with  the 
exception  of  airframe  furnished  parts  which  are  common  to  both  the  power 
section  and  reduction  gear  assembly. 

PRESSURE  OIL  SYSTEM 

Aircraft  Mounted  Major  Units 

Refer  to  figure  1  for  the  aircraft  mounted  major  units.  Although 
some  of  the  items  in  figure  1  are  not  discussed  in  this  study  guide, 
•tudy  them  so  you  will  be  able  to  identify  them  by  their  names. 

OIL  TANK.    A  stainless  steel,  nonself-sealing  engine  oil  tank 
is  located  above  the  engine  in  the  forward  section  of  the  nacelle.  The 
tank  is  serviced  through  a  scupper  type  filler,  which  has  an  overflow 
drain  to  direct  excess  oil  overboard  during  servicing.    A  calibrated 
oil  level  bayonet  gage  is  attached  to  the  screw-type  filler  cap.  Each 
oil  tank  has  an  oil  capacity  of  12  gallons,  plus  an  additional  7.5 
gallon  air  space,  and  provides  for  removal  of  air  from  the  returned 
engine  oil.    The  oil  tank  sump  is  located  at  the  bottom  of  the  tank.  A 
drain  valve  in  the"  bottom  of  the  sump  aids  in  draining  the  sump  and 
engine  oil  tank. 

OIL  TANK  PRESSURIZING  VALVE.    An  engine  oil  tank  pressurizing  valve 
is  used  to  pressurize  the  oil  tank  by  controlling  the  flow  of  oil 
released  air  from  the  tank.    The  valve  contains  an  air-operated  poppet 
valve  and  a  vacuum  relief  feature.    The  purpose  of  the  oil  tank 
praaaurizing  valve  it  to  keep  the  oil  in  the  tank  under  pressure  to 
•naure  a  continuous  fiow  of  oil  to  the  power  section  and  gearbox.  The 
oil  tank  pressurizing  valve  vents  into  the  overboard  drain. 
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OtLTANK  PRESSURIZING 


OIL  TEMPERATURE 
CONTROL  THERMOSTAT 


OIL  COOLER  FLAP 
ACTUATOR 


OIL  COOLER  -J 


OIL  COOLER  FLAP 


OIL  COOLER 
REGULATC*  VALVE 


Figure  1.    Engine  Oil  System  Components  locations. 

OIL  SHUTOFF  VALVE.    A  motor-operated  oil  tank  sump  gate  type 
valve  is  attached  to  the  oil  sump.    The  valve  is  an  energize-to-open, 
energize-to-close  type  with  a  manual  override  for  servicing  the  valve. 
The  open  and  closed  positions  are  indicated  on  the  valve.     The  valve 
receives  power  from  the  essential  DC  bus.    Power  passes  through  the 
normally  closed  contacts  of  the  fire  emergency  handle  to  drive  the 
oil  shutoff  valve  motor  and  open  the  valve.    When  the  fire  emergency 
handle  is  pulled,  power  will  drive  the  motor  to  close  the  oil  shutoff 


OIL  TBIPERATURE  BULB.    One  resistance  type  oil  temperature  bulb  is 
located  in  the  engine  oil  tank  outlet  line  on  each  of  the  four  engines. 
The  four  oil  temperature  indicators  on  the  engine  instrument  panel 
receive  their  power  from  the  essential  DC  bus.    One  circuit  breaker  on 
the  co-pilot  s  side  circuit  breaker  panel  protects  each  system. 

EUGINE  FUEL  HEATER  AND  STRAINER.    An  engine  fuel  heater  and  strainer 
transfers  engine  oil  heat  to  the  fuel  being  supplied  to  the  engine,  to 
prevent  icing  of  the  fuel  system  parts.    A  thermostatically  controlled 
bypass  valve  is  located  on  the  oil  side  of  the  heater  core.     It  limits 
the  temperature  of  the  fuel  to  the  engine  by  directing  the  oil  supply 
either  through  or  around  the  fuel  heater. 


3 

4  S3 


0I£  COOLER.    The  oil  cooler  is  mounted  in  the  lower  portion  of  the 
engine  nacelle  and  can  be  reached  through  the  oil  cooler  access  panel. 
The  oil  cooler  radiator  is  elliptical  in  shape.    It  is  made  of  aluminum 
alloy,  a  welded  and  braced  shell  assembly  with  a  core  equipped  with  tubes, 
heater  plates  and  baffles  which  direct  the  flow  of  oil  through  the  cooler, 
and  a  bypass  jacket  to  serve  as  a  warmup  passage  for  the  oil.    The  cooler 
has  a  bypass  and  cooler  inlet  port,  a  bypass  outlet  port,  and  a  cooler 
outlet  port.    The  cooling  capacity  of  the  oil  cooler  is  governed  by  the 
flow  of  air  through  the  core  tubes.    The  flow  is  controlled  by  the 
position  of  the  oil  cooler  flap.    The  oil  cooler  mounts  the  oil  cooler 
regulator  valve,  which  thermostatically  regulates  the  temperature  of  the 
oil  leaving  the  oil  cooler  and  also  provides  high  pressure  surge  pro- 
tection of  the  cooler.    The  oil  cooler  drain  can  be  reached  by  removing 
the  oil  cooler  drain  access  cover.    Two  strap  assemblies  secure  the  oil 
cooler  in  position  in  the  air  duct. 

OIL  PRESSURE  TRANSMITTER.      Two  oil  pressure  transmitters  are  located 
on  each  engine.    A  dual  oil  pressure  indicator  is  located  on  the  main 
instrument  panel  in  the  flight  station  to  show  transmitted  pressures.  One 
transmitter  is  connected  to  the  reduction  gear  section  of  the  engine  and 
the  other  transmitter  is  connected  to  the  power  section. 

Engine  Mounted  Major  Units 

Refer  to  figure  2  for  the  engine  mounted  major  units  of  the  oil 
system.    Although  some  of  the  items  in  figure  2  are  not  discussed  in  thir 
study  guide,  study  them  so  you  will  be  able  to  identify  them  by  their 
names • 

MAIN  OIL  PUMP.    The  main  oil  pump  is  mounted  on  the  front  of  the 
accessory  drive  housing  cover.    The  pressure  element  supplies  all 
pressure  oil  to  the  power  section  and  the  scavenge  element  scavenges 
oil  from  the  accessory  drive  housing.    It  is  a  two-element  pump, 
(pressure  element  and  scavenge  element)  driven  by  a  common  shaft •  Both 
elements  are  spur  gear  type  pumps  with  a  capacity  of  7  gallons  per 
minute  at  100%  rpm. 

PRESSURE  REGULATING  VALVE.    The  pressure  regulating  valve  is  located 
in  the  body  of  the  main  oil  pump.    Its  purpose  is  to  bypass  oil  from  the 
filter  outlet  back  to  the  pressure  element  inlet,  and  regulates  filter 
outlet  oil  pressure  to  50-60  psi.    It  is  a  poppet  type  valve  which  is 
always  bypassing  a  certain  amount  of  oil.    It  can  be  field  adjusted  to 
regulate  filter  outlet  oil  pressure  to  50-60  psi. 

OIL  FIZTFR.    The  oil  fiirer  is  housed  in  the  cover  of  the  accessorv 
drive  housing  on  the  front  r..^ht-hand  side.    The  oil  filter  is  an  11 
wafer  stack,  117  micron  element.    One  micron  is  equal  to  .000039  millionth 
of  an  inch. 

Reduction  Gearbox  Mounted  Major  Units 

Refer  to  figure  3  for  the  reduction  gearbox  mounted  major  units. 
Although  some  of  the  items  in  figure  3  are  not  discussed  in  this  study 
guide,  study  them  so  you  will  be  able  to  identify  them  by  their  names. 
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Figure  3.    Reduction  Gear  Oil  System  Schematic  for  T56-A-7,  -15  Engines  Q 
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fTftere  ore  minor  diffevc^jS  in  -S  engines). 
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•Pur  gear  typ,  .„d  th,  S^FSLS  y  L  n  PSIlS"-    ThC.P"mP  "  tta 
filter  It  •  13  y«fer  stack    117  lilll     f         e*110"'  P«  nlnute.  The 

SCAVENGE  OIL  SYSTEM 
Refer  to  figures  two  and  three  as  you  study  the  following  text. 

Major  Units 

TURBINE  REAR  SCAVENGE  PUMP.    The  .,irMno 
in  the  turbine  scavenge  oil  pump  suDDorT    rtJ       8caven8e  pump  ls  ™u»ted 
turbine  rear  bearing    n     r  ?  8UPP°".    Its  purpose  is  to  scavenge 

—  ~  ««  ^-X^^iLTtS'^:  r£  pW. 

EXTERNAL  SCAVENGE  PUMP.    The  m.-n.i 
center  rear  pad  of  the  acce so£  dS^^S^  *  T*  °n  the 
scavenge  oil  from  the  diffuser  LI    ?v     ?8        ltS  PurP°8e  *«»  to 
turbine  front  bearing  oil  sumo    T\ COmbu8tlon  casing,  and  the 

and  two  elements?    I?  pick ToiW  roV^Y'"  ^  ?>e;  th"e  *ea" 
connected  to  each  element     The  ex"t~n?i  t  *"*  by  tW°  tube8«  one 

the  scavenge  discharge  of  \hl  JLf  scavenge  pump  discharges  into 

front  of  accessor! ^  drive  housing     Pr688Ure  **  8C*Ven8e  PU°P  m0Unted  on 

secured^  "afS  '    *»  ^  P™P  is 

down  flight  attitude     T^ou'tl  o"  the  no'sT^8  °U  tHe  n°8e" 

passageways  that  connects  in  witn  tL  outlet  o C^/^  has 
main  scavenge  pump.  °Utlet  °f  the  redu«ion  gearbox 

REDUCTION  GEARBOX  MAIN  SCAVENGE  PUMP  -n, 
secured  to  the  forward  case  of  tZ  Ja    *\  "J1"  8caven8e  PumP  i» 

during  any  normal  m^at^u  e^ej  e^r^eS0" ItVl™*'5  °±l 
type  pump.  wept  nose  down.    It  is  a  spur  gear 


OIL  FLOW 


the  gearbox.    After  the  oil  1!™  the  011  pumps  on  the  engine  and 

the  Filter.    Onle  the  o^f  leavTth !  fi^  0f\.PUBp  U  P8S8e8  thr0U*h 
parts  of  the  accessory  hm,«?™  !  J  \      t6r  1C  lubrlcates  the  necessary 

through  a^s^  ee8i8nr?heh0       oVv rt'  c\Ys^Tof  V' T*« 
The  oil  then  passes  through  oil  jets  to  lu£?Y    tu*         lnlet  h°USlng- 
bearing,  mid-torque  bearing    »nH  lubrlcate  the  front  compressor 

From  the  air  inle^o'sin*  on  J!^^0""! eren"  shaft  sleeve  faring, 
external  compressor  pressure  til  IT*  *  drUled  pa88a*e  to  an 

through  the  Ur^oPre  res^u^'o  f ^ fl' <XZ  STST*  „ 
oil  flow  at  the  diffuser.    A  part  of  the  oU  will  f ^.^f 
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oil  tube  connection.    At  the  1  o'clock  position  of  the  dif fuser,  to  an 
oil  Jet  which  sprays  some  of  the  oil  onto  the  rear  compressor  bearing  and 
some  will  be  used  to  lubricate  the  turbine  front  bearing*    The  remainder 
of  the  oil  will  flow  into  the  pressure  oil  tube  aft  of  the  spray  shield 
to  a  tube  mounting  pad  on  the  turbine  rear  bearing  support  through  a 
double  wall  tube,  which  is  threaded  into  the  rear  bearing  oil  seal.  Oil 
flows  through  drilled  passages  in  the  oil  seal,  bearing  support,  and 
bearing  cap. 

The  oil  that  is  gravity  fed  to  the  oil  pump  of  the  reduction  gearbox 
passes  through  the  filter  and  on  to  lubricate  the  gears  and  bearings  in 
the  reduction  gearbox. 

Once  the  oil  passes  over  the  bearings  and  gears  it  has  to  be  picked 
up  and  returned  to  the  oil  tank.    This  is  the  job  of  the  scavenge  oil 
system.    This  scavenge  oil  is  picked  up  by  the  different  scavenge  pumps 
located  in  the  engine  and  gearbox.    Before  the  oil  gets  to  the  tank  it 
passes  through  the  fuel/oil  heater  to  prevent  icing  of  the  fuel  system. 
This  oil  is  very  hot  from  the  friction  created  by  the  bearings  and  gears. 
This  is  the  reason  it  passes  through  the  oil  cooler  before  being  returned 
to  the  tank. 

QUESTIONS 

!•     The  purpose  of  the  oil  system  is  to 


and 


the  oil-wetted  parts  of  the  engine.  \ 


2.     The  T56  engine  oil  system  is  a   sump  type. 


3.  The  capacity  of  the  oil  tank  is    gallons,  plus  an 

additional    gallons  of  air  space. 

4.  The  purpose  of  the  fuel  heater  and  strainer  i6  to  prevent   

of  the  fuel  system  parts. 

5.  There  are  oil  pressure  transmitters  located  on  each  engine. 

6.  The  main  oil  pump  is  mounted  on  the   of  the  

cover. 


7.  The  oil  pressure  regulating  valve  can  be  field  adjusted  to 
regulate  filter  outlet  oil  pressure  to  psi. 

8.  The  pump  scavenges  oil  from  the  dif  fuser 

sump,  combustion  inner  casing,  and  the  turbine  front  bearing  oil  sump. 


9.  The  reduction  gearbox  oil  pressure  pump  io  the 
  type. 


10*     The  oil  is  fed  to  the  oil  pumps  by 
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TURBOPROP  ENGINE  OIL  SYSTEM 

OBJECTIVES 

After  completing  this  workbook  and  your  classroom  instruction,  you 
will  be  able  to  state  the  purpose,  operation,  and  arrangement  of  the 
T56  engine  oil  system  and  its  parts. 

EQUIPMENT 

Basis  of  Issue 
TO  1C-130B-2-4  1/student 

PROCEDURE 

Follow  the  instructions  given  for  each  section  in  this  workbook. 

Section  1 

INSTRUCTIONS 

Follow  the  classroom  presentations  nd  fill  in  the  blank  spaces  with 
the  appropriate  information  to  complete  each  statement. 

1.      The  purpose  of  the  engine  oil  system  is  to  clean, 


and  —   the  bearings  and  other    parts  of  the  engine. 

2.      The  T56  engine  oil  system  is  of  the  high-speed,   - 


type,  and  is  designed  to  lubricate  both  the    ancj 


3.      Oil  System  Components, 
a.      Oil  tank. 

(1)    Purpose:     To  store  the  engine  oil  supply, 


or 


(2)    Location:    Above  the  engine  in  the    section 


of  the 
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(3)  Servicing  of  the  oil  tank  is  accomplished  through 
—  filler  which  is  located  on  the  right  hand  side  of 


the 


b.      Oil  tank  shutoff  valve. 

(1)  Purpose:    To  ,   the  flow  of  oil  to  the   

and  when  che  fi"  emergency  handle  is  pulled. 

(2)  Operation:    The  valve  is  of  the  energize-to-open, 

energize-to-close  type  with  a   Co  allow  f<jr 

servicing  of  che  valve. 

(3)  Location:    The  oil  tank  shutoff  valve  is  attached 
to  the  beneath  the  tank. 

c      Oil  tank  pressurizing  valve. 

(1)    Purpose:     To  pressurize  the 
by  controlling  the  flow  of 


air  from  the  tank. 


(2)  Operation:    The  valve  is  controlled  by  an  air 
operated                    Valve  which  maintains  a   oil  Cank  pressure. 

(3)  Location:    Attached  to  the    lefc  hand 


portion  of  the 


d.      Oil  quantity  tank  unit. 

(1)     Purpose:     To  indicate  a  low  engine  oil  quantity  to 


the 


(2)     Operation:    When  oil  quantity  drops  below 

gallons,  the 


warning 


light  will  in  che  cockpit. 


(3)     Location:     Mounted  .     ,     ,  e 

 through  the  left  end 


of  the 
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«.      External  scavenge  oil  filter. 
(1)    Purpose:  Prevents   


of  the    and  reduction  gearbox  (RGB). 

(2)    Location:    Mounted    on  the  right  side  of  the 

quick  engine  change  (QEC)  kit. 

f.      Oil  cooler. 


all 


(1)  Purpose:    Maintains  the  engine  oil  temperature  during 

(2)  Location:     In  the    portion  of  the   


and 


g.      Engine  oil  pumps. 

(1)    Purpose:     To  provide  the  oil  flow  to  the 
  under  all  operating  conditions. 


(2)    Oil  pressure  pump, 
(a)  Operation: 


the 


(b)  Location:  On  the 
drive  housing. 


_i  spur  gear  type, 
face  of 


(3)    Oil  scavenge  section:     Fill  in  the  blocks  on  the 
chart  below  from  the  projected  transparency. 


PUMP 
NUMBER 

LOCATION 

ELEMENT 

AREA 

SCAVENGED 

DRIVEN 
BY 
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RGB  oil  pumps. 

(1)    Prea  sure  oil  pump 

(a)    Purpose:    To  supply  pressurized  oil  to  all 
  *n  the  reduction  gearbox. 


(b)    Operation:    Spur  gear  type  driven  by 


(c)    Location:    Externally  mounted  on  the  right 

 face  of  the  — _  _ ^n  c^e  game  housing  with 

che    assembly. 

(2)    Scavenge  oil  pumps  (2  each) 

(a)    Purpose:    Provides  adequate  oil  scavenging  at 

all  _.  and 


(b)  Operation:    Nose  scavenge  pump:    Picks  up  oil 

which  collects  in  the   casing  of  the  reduction  gearbox.  Main 

scavenge  pump:     Scavenges  oil  which  collects  in  the  bottom  of  the 
  casing  and   the  oil  to  the  engine  

(c)  Location:    Both  the    and 

scavenge  pumps  are  located   wichin  che  reduccion  gearbox. 

i.      Pressure  oil  filters. 

(1)  Purpose:     Filters  engine  and  reduction  gearbox  oil 
as  ic  —                  che    pressure  oil  pumps.  , 

(2)  Location:     Power  unit:     Forward  left  side  of 
 —  Reduction  gearbox:     Mounted  on 


case  of ^  ln  game  wich 

pump  assembly. 

Filter  bypass  valves. 

(1)    Purpose:    Allows  oil  to  bypass  the  filter  in  case 
of  excessive  . 
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(2)    Operation:    Power  section:    Valve  will  open  when 
____  reaches  psid.    Reduction  gearbox:    Valve  will 


operate  at    psid, 

(3)    Location:    Power  unit  scavenge  pump  oil  pressure 

bypass  valve:    In  the  •    Power  unit  pressure  filter 

by-pass  valve:    Between  the    leading  Into  and 

out  of  the  •    Reduction  gearbox  bypass  valve:    In  the  upper 

portion  of  the  _  and  housing, 

k.      Oil  filter  check  valve, 

(1)  Purpose:    Prevents    flow  of  oil  from 

the   when  the  engine  is  • 

(2)  Location:    Engine  check  valve:    At  filter   


Reduction  gearbox  check  valve:    Mounted  in   housing  at  filter 


1.      Pressure  regulating  valve  (engine  only), 

(1)  Purpose:    To  maintain  a  -   psi  filter 

oil  pressure. 

(2)  Operation:    A  certain  amount  of  oil  is  allowed  to 
  by  way  of  a   type  valve. 


(3)    The  pressure  regulating  valve  can  be 
adjusted  if  necessary  to  maintain  proper   


(4)    Location:    Mounted  on    face  of  the 

main    housing, 

m.      Reduction  gearbox  relief  valves, 
(1)    Oil  pressure  relief  valve. 

(a)  Operation:    Valve  is   -  to   

when  pressure  reaches  250  psi. 

(b)  Valve    be  field  adjusted. 
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(c)    Location:    Lover  right  hand  side  of  reduction 

gearbox  case. 

(2)    Scavenge  pressure  relief  valve* 

(a)    Purpose:    Prevent  high  pressure  __  


primarily  during  engine   when  the    is  cold. 

(b)  Operation:    Spriug  loaded    valve 

which  begins  to  when  oil  pressure  reaches  psi. 

(c)  Location:     Internally  mounted  in  oil  scavenge 
passageway  of   case* 

n.      Engine  fuel  heater  and  strainer* 

(1)  Purpose:    Transfers  engine  oil    to  the 

fuel  being  supplied  to  the  engine. 

(2)  Location:    Mounted  to  the  —   hand  side  of 

the   QEC  kit. 

o.      Oil  cooler  flap. 

(1)    Purpose:    cooling  air  flow  through 


temperature 


(2)    Operation:    Controlled  by  oil  cooler  flap 


(3)    Location:    In  engine   ,  aft  of 


4.      Engine  Oil  Instrumentation  System, 
a.      Oil  pressure  indication  system. 

(1)  Purpose:    Provides  an    of 

and  lub  oil  pressure. 

(2)  Operation:    Operates  on  power  from  the 
  and  fuel  control  bus. 
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(3)  Location:  Indicator  gages  are  located  on 
panel  in  the  cockpit. 


b.      Oil  cooler  flap  position  indicator. 

(1)  Purpose:    Allows  cockpit  personnel  to   

how  far  the  oil  cooler  flap  is   . 

(2)  Location:     Position  indicators:    In  the   

on  the   panel. 

Section  2 

INSTRUCTIONS 

Using  TO  1C-130B-2-4,  locate  and  fill  in  the  blanks  in  figure  1 
with  the  correct  name  of  each  part. 
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Section  3 


INSTRUCTIONS 


Using  information  given  during  the  classroom  presentation,  correctly 
fill  in  the  blocks  in  figure  2  from  the  names  listed  be^ow: 


Nose  Scavenge  Pump 
Oil  Temperature  Bulb 
Pressure  Oil  Pump  (Power  Unit) 
Oil  Tank 

Oil  Temperature  Control  Thermostat 

Shutoff  Valve 

RGB  Transmitter 

Power  Unit  Filter 

Main  Scavenge  Pump  (RGB) 

Pressure  Adjusting  Valve 

Pressure  Regulator  Valve 

Power  Unit  Scavenge  Pumps 

Sump 


Oil  Quantity  Tank  Unit 
Power  Unit  Transmitter 
Filler  Port  and  Dipstick 
Power  Unit  Bypass  Valve 
RGB  Bypass  Valve 
Oil  Tank  Pressurizing  Valve 
RGB  Pressure  Oil  Pump 
RGB  Filter 

Oil  Cooler  Regulator  Valve 
Tuel  Heater  and  Strainer 
Oil  Cooler 

External  Scavenge  Filter 
Oil  Cooler  Flap  Actuator 
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Figure.  2.     T56  Oil  Flow  Schematic. 
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TURBOPROP  ENGINE  FUEL  SYSTEM 


OBJECTIVES 

After  completing  this  study  guide  and  your  classroom  instruction, 
you  will  be  able  to  state  the  purpose,  units,  location,  and  operating 
principles  of  the  T56  engine  fuel  system. 

INTRODUCTION 


A  separate  fuel  system  is  provided  for  each  engine.    The  major 
units  of  the  fuel  system  are  a  starting  fuel  enrichment  system,  dual 
fuel  pump,  low-pressure  paper-element  filter  assembly,  high  pressure 
fuel  filter  assembly,  fuel  control,  coordinator,  electronic  temperature 
datum  control,  temperature  datum  valve,  fuel  manifold  and  nozzles, 
and  two  burner  drain  valves.    The  fuel  is  delivered  to  the  engine  fuel 
systems  in  the  nacelles  by  the  fuel  supply  system  within  the  aircraft 
wings. 


Fusl  is  supplied  by  the  aircraft  fuel  system  to  the  inlet  of 
the  engine-driven  fuel  pump  assembly.    The  fuel  pump  assembly  consists 
of  a  boost  pump  and  two  spur  gear  type  pumps.    The  gear  type  pumps 
may  be  placed  in  either  series  or  parallel  by  an  electrically  operated 
paralleling  valve  located  in  the  high  pressure  fuel  filter  assembly. 
The  boost  pump  output  is  delivered  to  the  low  pressure  fuel  filter 
assembly  which  filters  the  fuel  and  delivers  it  to  the  high  pressure 
fuel  filter  assembly,  where  it  is  directed  to  the  inlets  of  the  two 
gear  type  pumps.    The  output  of  the  two  gear  pumps  is  filtered 
by  the  high  pressure  fuel  filter.    A  pressure  switch  in  the  high 
pressure  fuel  filter  assembly  completes  an  electrical  circuit  to  the 
fuel  pump  light  in  the  cockpit  to  give  a  warning  of  a  primary  gear 
pump  failure.    Fuel  leaving  the  high  pressure  fuel  filter  takes  two 
paths.    One  path  enters  the  fuel  control  and  flows  through  the  fuel 
metering  section.    Here  the  fuel  volume  is  corrected  to  120Z  of  engine 
demand.    This  correction  is  for  RPM,  throttle,  and  air  density 
variations.    The  second  path  enters  the  fuel  control  through  the 
enrichment  valve  and  bypasses  the  metering  section.    The  latter  path 
is  used  only  during  the  initial  phase  of  the  starting  cycle  when  the 
use  of  the  enrichment  system  is  selected  by  a  manually  positioned 
cockpit  enrichment  switch. 

The  fuel  control  delivers  metered  fuel  to  the  temperature  datum 
valve  which  provides  further  correction  to  the  fuel  flow.  The 
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temperature  datum  valve  is  a  part  of  the  electronic  fuel  trlmaln* 
system  and  the  fuel  flow  correction  made  by  the  temperature  datum 
control.    The  electronic  fuel  trimming  system  compensates  for 
variations  in  fuel  density  and  BTU  content.    The  temperature  datum 
valve  receives  more  fuel  from  the  fuel  control  than  it  delivers 
to  the  fuel  manifold  and  is  always  bypassing  fuel.    The  amount  of 
fuel  bypassed  is  determined  by  the  position  of  a  bypass  control 
needle  which  varies  in  response  to  an  electrical  signal  from  the 
temperature  datum  control  amplifier.    The  amplifier  determines 
this  electrical  signal  by  comparing  a  desired  turbine  inlet  tempera- 
ture signal  to  the  actual  turbine  inlet  temperature  signal  provided 
by  a  parallel  circuit  of  18  thermocouples  located  in  the  turbine 
inlet. 

Fuel  flow  from  the  temperature  datum  valve  is  delivered  to  the 
fuel  manifold  through  an  aircraft  furnished  flowmeter.    The  fuel 
manifold  distributes  the  fuel  to  six  fuel  nozzles  which  atomize 
and  inject  the  fuel  into  the  forward  end  of  the  six  combustion 
liners.    A  drip  valve  located  at  the  lowest  point  of  the  fuel 
manifold  is  used  to  drain  the  fuel  manifold  at  engine  shutdown. 
During  the  starting  cycle,  a  solenoid  is  energized  to  close  the  drip 
valve.    Fuel  pressure  holds  the  drip  valve  closed  during  normal 
operation.    At  engine  shutdown,  a  spring  opens  the  drip  valve. 

During  an  engine  start,  it  is  desirable  to  fill  the  fuel  mani- 
fold rapidly  so  that  an  initial  high  pressure  to  the  fuel  nozzles 
will  allow  the  nozzles  to  better  atomize  the  fuel.    This  insures 
a  better  light-off  during  engine  starts.    The  secondary  and  primary 
fuel  pumps  are  placed  in  parallel  during  a  start  to  insure  sufficient 
fuel  flow  to  fill  the  fuel  manifold  rapidly.    If  a  start  Is  not 
successful,  additional  fuel  can  be  delivered  to  the  fuel  manifold 
on  the  next  starting  attempt  by  using  the  enrichment  system.  The 
enrichment  system  must  be  "armed"  by  the  cockpit  enrichment  switch. 
If  the  enrichment  system  Is  "armed,"  the  enrichment  valve  will  open 
at  2200  rpra  due  to  the  speed  sensitive  control  and  Ignition  relay 
operation.    When  the  pressure  In  the  fuel  manifold  exceeds  approxi- 
mately 50  psl,  a  pressure  switch  connected  to  the  fuel  manifold  opens 
an  electrical  circuit  which  will  cause  the  enrichment  valve  to  close. 
When  the  enrichment  valve  Is  open,  fuel  will  flow  through  the  enrich- 
ment valve  to  the  upstream  side  of  the  fuel  control  cutoff  valve. 
Functionally,  the  enrichment  valve  Is  In  parallel  with  the  metering 
section  of  the  fuel  control. 

Fuel  bypassed  by  the  fuel  control  and  temperature  datum  valve 
Is  returned  to  the  fuel  pump  assembly  by  way  of  the  high  pressure 
fuel  filter  assembly.    Any  fuel  leakage  past  the  seals  of  the  fuel 
pump  assembly  and  fuel  control  Is  drained  overboard  through  a  common 
manifold . 

QUESTIONS 

1.  What  are  the  main  units  of  the  fuel  system? 

2.  To  what  Is  the  boost  pump  output  fuel  delivered  to  on  the 
engine? 
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3.  What  completes  an  electrical  circuit  to  the  fuel  pump 
light  In  the  cockpit  to  give  a  warning  of  a  primary  gear  pump 
failure? 

4.  What  does  the  fuel  control  deliver  fuel  to? 

5.  What  determines  the  amount  of  fuel  bypassed  by  the  tempera- 
ture datum  valve? 

6.  How  many  fuel  nozzles  and  combustion  liners  are  there  on 
the  T56  engine? 
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T56  ENGINE  FUEL  SYSTEM 


OBJECTIVES 

After  completing  this  workbook  and  your  classroom  instruction,  you 
will  be  able  to  locate  information  about  the  fuel  system  in  the  technical 
order  and  explain  the  purpose,  operation,  and  location  of  the  fuel  system 
and  its  parts. 


PROCEDURE 

Complete  the  following  projects  according  to  the  instructions 
given  for  each. 


INSTRUCTIONS 

Using  TO  1C-130B-2-4  and  information  received  in  your  classroom 
instruction,  complete  the  following  statements  by  filling  in  the  spaces 
with  the  correct  word(s). 

1.      Fuel  heater  strainer 


EQUIPMENT 


TO  1C-130B-2-4 


Basis  of  Issue 
1/student 


Project  1 


a. 


Purpose  -  Prevents 


formation  in  the  fuel. 


Location  -  On  the 


-hand  side  of  the  engine 


nacelle. 


c. 


Operation  -  Uses  hot  scavenge 


to  heat  the 


fuel. 
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2.      Main  fuel  pump 

a.  Purpose  -  To  pressurize  and  supply  of  the 

needed  amount  of  m   for  combustion. 

b.  Type  -  A  element,  dual  type  pump;  centrifugal 

type  _  ;  b  .        type  secondary;  and  gear  type  . 

c.  Location  -  On  -hand  rear  side  of  the 

drive  housing,   


d.  Operation 

(1)  Series  -  From  02  rpm  to    rpm  and  rpm 

to  1002  rpm.      r 

(2)  Parallel  -  From  162  rpm  to    rpm. 

3.  Low  pressure  fuel  filter 

a.  Purpose  -  To  filter  the  as  it  leaves  the 

centrifugal    pump. 

b.  Location  -  On  right-hand   of  the  case, 

c.  Operation  -  Uses  a  25  micron   throwaway  filter 

with  an  8  psid  valve  in  case  the  filter  becomes  clogged. 

4.  Paralleling  valve 

a.  Purpose  -  To  control  the    of  the  fuel  pumps. 

b.  Location  -  On  the  bottom  of  the  fuel  pump  in  the   

pressure  fuel  m   housing. 

c      Operation  -  Is  energized  by  the  162  rpm  switch 

in  the  speed  sensitive  control.    Js  deenergized  (spring  loaded) 

by  the  652  rpm  switch  in  the  speed  sensitive  control.   


5.      High  pressure  fuel  filter 

a.      Purpose  -  To    the  fuel  after  it  leaves  the 

  fuel  puap. 
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b.  Location  -  At  the  bottom  of  the  fuel 

c.  Operation  -  Uses  a  33  micron,  17 


housing. 


air  maze  filter 


with  a  125  paid  bypass  valve  in  case  the  filter  becomes  . 

6.      Fuel  enrichment  (primer)  valve 

a.      Purpose  -  Provides  unmetered  extra   for  starting 

in  extreme  weather  (below  32*F). 


b.      Location  -  Is  mounted  to  the 
external  scavenge  . 


side  of  the 


c.      Operation  - 
(1)  Is 


the  16Z  rpm  switch  in  the  speed  sensitive  control 
(2)    Is  deenergized  (spring  loaded) 


open  (if  selected  by  the  pilot)  by 


by  the  fuel 


manifold  pressure  switch  when  fuel  pressure  in  the  manifold  reaches 

,    psi. 

7.      Fuel  control 

a.      Purpose  -  To  supply    (120Z  of  the  needed  amount) 


fuel  to  the  temperature  datum 


and  bypass  the  extra  fuel  (80%) 


back  to  the  secondary  fuel  pump 

b.      Location  -  On  the 
accessory   housing. 


c.      Operation  -  Meters 
and  atmospheric  variables. 


-hand  rear  side  of  the 


according  to  the  mechanical 


(1)  Compressor  temperature. 

(2)   inlet  pressure. 


(3)  Throttle 


angle. 


(A)    Compressor  rotor  « 

8.      Fuel  control  shutoff  valve 

a.      Prevents   flow  to  shut  down  the  engine. 
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b.  Location  -  On  the  top  of  the  fuel   . 

c.  Operation 

(1)  Is  opened  by  the  162  rpm  switch  in  the 

•peed  sensitive   . 

(2)  Is  closed  by  activating  one  of  the  following: 

(a)  Emergency  handle. 

(b)  Condition  lever  to   . 

(c)  Condition   to  ground  stop. 

9*  .    Temperature  datum  valve 

a.  Purpose  -  To  supply    fuel  flow  (100%)  to  the 

fuel   and  bypass  the  extra  fuel  (20%)  back  to  the  

of  the  secondary  fuel  pump. 

b.  Location  -  Mounted  to  the  compressor  case   

the  fuel  pump.  ~~ 

c.  Operation  -  Maters  the  fuel  according  to  TIT  signals 
received  from  the  temperature  datum   . 

10.      Fuel  manifold  drain  valve 

a.  Purpose  -  Drains  fuel  from  the  fuel    during 

engine  shutdown. 

b.  Location  -  At  the  bottom  of  the  fuel   . 

c.  Operation 

(1)  Is  energized  closed  by  the   %  rpm  switch  in  the 

speed  sensitive  control. 

(2)  Is  deenergized  by  the   %  rpm  switch  in  the  speed 

sensitive  control  but  held  closed  by  pressure  in  the  line. 

(3)  Is  spring-loaded   when  the  

pressure  decreases  during  engine  shutdown. 
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11.  Fuel  manifold 

a.  Purpose  -  Distributes  fuel  to  the  fuel  . 

b.  Location  -  Around  the    case. 

12.  Fuel  manifold  pressure  switch 

a.  Purpose  -  Used  to  _J   fuel  enrichment  when  fuel 

pressure  in  the   reaches  50  psi. 

b.  Location  -  On  the  compressor  case  at  the  o'clock 
position;  connected  to  the  No.  ^   fuel  nozzle. 

c.  Operation  -  Is  spring  loaded   f  fuel  pressure 


13.  Fuel  nozzles 

a.  Purpose  -  To    the  fuel  for  efficient  combustion. 

b.  Location  -  Mounted  to  the   at  the  even  clock 

positions  and  extending  into  the   chamber  liners. 

c.  Type  -  Single   duplex. 

14.  Burner  drain  valves 

a.  Purpose  -  To  drain  excess  in  the  outer 
combustion  case  during  an    start. 

b.  Location  -  On  forward  and  rear  ends  of  the  combustion 
case  at  the   o'clock  position. 

c.  Operation  -  Is   ^  loaded  open;  air  pressure 
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Project  2 

INSTRUCTIONS 

Complete  the  following  names  of  fuel  system  parts  by  selecting  the 
correct  vord(s)  from  the  list  given  below.    Each  response  is  used  only 
once. 


burner 

filter 

manifold 

enrichment 

control 

fuel 

pressure 

high 

datum 

fuel 

shutof f 

valve 

drain 

heater 

switch 

1*  Fuel 

strainer* 

2.  Main 

pump* 

3*  Low 

fuel  filter* 

4.  Paralleling  * 

5.  „p_w__^__  pressure  fuel 

6.  Fuel  valve* 


7*    Main  fuel 


8.    Fuel  control   valve. 


9.    Temperature   valve. 

10.    Fuel  manifold   valve. 


11.  Fuel 


12.  Fuel  manifold  pressure 

13.   nozzles. 


14.    drain  valves. 
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TEMPERATURE  DATUM  SYSTEM 

OBJECTIVE 

After  completing  this  workbook  and  your  classroom  instruction, 
you  will  be  able  to  correctly  identify  the  purpose,  operation,  and 
arrangement  of  the  temperature  datum  system. 

EQUIPMENT 

Basis  of  Issue 
TO  1C-130B-2-4  1/student 

PROCEDURE 

Using  TO  1C-130B-2-4  and  the  information  presented  in  the  class- 
room, fill  in  the  spaces  provided  with  the  correct  information  pertaining 
to  the  temperature  datum  system. 

1.  The  purpose  of  the  temperature  datum  system  is  to  sense 

differences  between  the    and  the  m  turbine  inlet 

temperatures. 

2.  The  temperature  datum  control    is  located  in  the 

power  package  above  the  engine,  just  aft  of  the  oil  tank. 

3.  The  purpose  of  the  temperature  datum  control  is  to  sense  the 

differences  between  the    and    turbine  inlet 

temperature  at  various    settings. 

4.  The  temperature  datum  control  valve  is  located  on  the  bottom 
of  the  case. 

5.  The  temperature  datum  control  valve  has  a  three  position 
toggle  switch;  the  switch  positions  are   , 

and 
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6.  When  the  switch  is  in  the  "AUTO"  position  the  fuel  trimming 
system  may  operate  in  either  the    or    mode, 

7.  When  the  switch  is  in  the  "NULL"  position,  the  temperature 
datum  control  is   • 

8.  If  the  temperature  datum  control  valve    is  not 

placed  in  the  "LOCKED"  position  before  moving  the  throttle  below 

  degrees,  the  temperature  control  system  will  be  transferred 

from  temperature   to  temperature   ,  and  the 

temperature  datum  will  return  to  its    or 

no-signal  position. 

9.  The  temperature  datum  control  valve  switches  are  located  on 
the   pedestal. 

10.      The  20  percent  take  solenoid  is  mounted  on  the  temperature 
datum   • 
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Jet  Engine  Branch  3ABR42633-WB-202 
Chanute  AFB,  Illinois  5  February  1980 

TURBOPROP  ENGINE  TIT  AND  FIRE  WARNING  SYSTEMS 

OBJECTIVES 

When  you  have  completed  this  workbook  and  your  classroom  instruction, 
you  will  be  able  co: 

1.  State  the  purpose  of  the  turbine  inlet  temperature  TIT  and 
fire  warning  systems  and  their  parts. 

2.  Locate  TIT  and  fire  warning  systems  parts  on  the  engine  and 
describe  their  operation. 

PROCEDURE 

Follow  the  classroom  presentation  for  each  section  of  this  workbook 
and  fill  in  the  blank  spaces  with  the  appropriate  information  to  complete 
each  statement. 

Section  1 

1.  The  purpose  of  the  TIT  indicating  system  is  to  measure  the 
temperature  of  the  .* 

2.  A  thermocouple  assembly  consists  of    thermocouples 

that  go  to  the  and   * 

3.  There  are  thermocouples  wired  in   * 


4.  There  are  two  typop  of  thermocouple^  in  use,  they  are  the 
  top  and  top. 


5.  Thermocouples  must  not  be  sprayed  with  liquid  cleaning 

solvents  because  it  will  leave  a    containing   

which  will  cause  a  low-resistance  to  ground. 

6.  The  TIT  indicator  is  located  on  the    instrument  panel. 
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7.      The  TIT  indicating  system  recaives  its  power  from  the 


8.      On  C-130B  and  HC-130B  aircraft,  the  amplifiers  are  mounted 

on  overhead  rack  in  the   .    On  the  C-130E  and  C-130K 

aircraft,  they  are  located  on  the   . 


Section  2 

1.      The  purpose  of  the  nacelle  overheat  warning  system  is  to  warn 
of  an   condition  in  the  area  around  the  engine   


2.  The  nacelle  overheat  warning  system  consists  of   

detectors  in  each  nacelle. 

3.  Detector  contacts  are  closed  by    of  an  outer  shell 

when  the  shell  is  heated  to  a  temperature  of    degrees, 

4.  There  are  four  numbered  nacelle  overheat  warning  lights 
located  on  the  . 

5.  The  test  switch    checks  detector  continuity  or 

operation. 

6.  How  is  a  nacelle  overheat  condition  indicated  to  the  pilot? 


Section  3 

1.      The  turbine  overheat  warning  system  is  a 
_     .   type. 


2.      A  turbine  overheat  condition  is  indicated  by 


3.      The  system  operates  when  turbine  temperature  rises  to 
degrees  and  causes  one  of  the  detectors  to  close. 


9 
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Section  4 

1.  The  purpose  of  the  fire  warning  system  is   

2.  The  fire  detection  system  consists  of    separate 

systems  with   common  test  system. 

3.  Each  of  the  five  engine  detection  systems  consist  of  a 

*   »  and   in  the  fire  emergency 

handle  for  each  engine. 

4.  The  sensing  element  consists  of  an   that  encloses 

a  wire  imbedded  in  a  special    core. 

5«      The  of  the  ceramic  core  decreases 

as  the  temperature  increases,  permitting  a  small   

between  the  wire  and  the  outer  grounded  section  cf  the  Inconel  tube. 
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Jet  Engine  Branch  3ABR42633-WB-206 
Chanute  AFB,  Illinois  10  December  1980 

TURBOPROP  NEGATIVE  TORQUE  SIGNAL  SYSTEM 

OBJECTIVE 

After  completing  this  workbook  and  your  classroom  instruction, 
you  will  be  able  to  identify  the  purpose,  operation  and  arrangement 
of  the  negative  torque  signal  system. 

EQUIPMENT 

Basis  of  Issue 
TO  1C-130B-2-4  1/student 

PROCEDURE 

Using  TO  1C-130B-2-4  and  the  information  presented  in  the  classroom, 
fill  in  the  spaces  provided  with  the  correct  information  pertaining  to 
the  negative  torque  signal  system. 

1.  The  purpose  of  the  negative  torque  signal  system  protects 
the  engine  and  propeller  from  __  


2-      Th*  _____  provides  a  rapid  method  of 

breaking  the  power  unit  from  the   


3.      The  safety  coupling  is  mounted  between  the 


and  the 


4.  The  purpose  of  the  propeller  brake  is  to  prevent 
when  the  propeller  is  feathered. 

5.  The  three  positions  of  the  propeller  brake  are 


 and  . 

6.  During  starting,  the  propeller  is  initially  released  by 
starter  torque  after   percent. 

7.  When  the  blade  angle  is  92.5°  the  propeller  brake  is  in  the 
_ ________  position. 
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8,  The  propeller  brake  is  mounted  under  the   

pad. 

9.  When  engine  RPM  drops  below  percent,  the 

propeller  brake  is  applied  by         m  pressure. 

10.  Negative  torque  is  sensed  by  the  forward  movement  of  a 
 ^^^^^^     gear  in  the  nose  of  the  reduction  gear  assembly. 
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PROPELLER  TECHNICAL  PUBLICATIONS 

OBJECTIVE 

After  completing  this  etudy  guide  and  your  claaaroom 

rUwU,be  !bl*  t0  «Peclflc  mfor».tlon 

or  propeller  technical  ordera. 

INTRODUCTION 

3£Jr£<d!*  vf  th*  Pr°per  °"  of  tecta^*l  o^era  la  a 
«uet  within  the  turboprop  ayatem.    The  propeller  la  a  very 
Important  pert  of  an  aircraft..   Failure  to  follow  the  informa- 
l   L?r  Jn,tructlon«  stained  In  the  many  different  propeller 
technical  ordera  could  reeult  in  extenaive  damage  to  thia 
expenalve  equipment.  * 

INFORMATION 

Thia  etudy  guide  containa  information  for  proper  uae  of 
propeller  technical  order..    We  will  be  uaing  these  propalUr 
iS5£^rd"r-  t0  deternine  vhlch  ■PWiflc  technical  order 
S^ShU  ST  I**  pr°P,ller  hub  «*d  bl*de  ...embliea, 

t^d   5        V1,Ver  *Menbly»  P^ch  lock  aaaembly,  hub  mounted 
SSSfJ  —^ly.  deicer  contact  ring  holder  ...e^bly,  £££ 
aaaamblie.    propeller  control  aaaembly,  and  other  ...oclated 
parte  of  the  propeller. 

GENERAL  TECHNICAL  ORDERS 

1.  TO^T^*1  °rdr  (T0)  lndeX  f°r  411  Pr°P«H««  in  general 
la  TO  0-2.-3.    It  containa  general  information  concerning  all  tree, 
of  propellers.    It  will  u.t  the  apecific  technical  oXrifofS! 
diffarant  type,  of  propeller.,  and  the  ...oclated  equipment  The 
next  general  technical  order  for  the  propeller  asaembl?^  TO  3-J-i 

^^Sied^I  2£f*         °f  Pr°PeUer 

SAp«ft!Si"  H"J1^???J*rd  turb°Pr°PeHer,  model  54H60-63, 
t^t  ln  S?   l*  ti17\  U  thC  0nly  Pr°Pe"«  »y-tc»  thai  1. 
t*3£fJ?     i    technical  .chool.    We  will  be  uaing  only  the 
technical  orders  that  pertain  to  the  54H60  propeller  and  the 
ZZ£         T  ^  this  propeller.    The  iechnicS  oSer 
which  covera  procedure,  for  operating  a  propeller  with  a  known 
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propeller  malfunction  is  TO  3-1-6.    This  technical  order  lists 
the  specific  information  end  procedures  for  operating  e  propeller 
with  e  known  malfunction. 

SPECIFIC  TECHNICAL  ORDERS 

The  54H60  propeller  assembly  has  many  different  typet  of 
technical  ordere.    In  order  for  you  to  understand  what  these 
technical  orders  contain,  you  will  have  to  know  the  basic 
construction  of  the  propeller  technical  order  system.    In  order 
for  you  to  identify  s  certain  type  of  propeller  technical  order, 
and  what  information  those  technical  orders  contain,  we  will 
cower  the  numbering  systes  for  the  propeller. 


3 

Aircraft  Propeller  J 

Propellers,  Hydraulically 
Controlled 


.1    _1     -     18     -  2 

~"~  T  Specific  TO 

Specific  Propeller 


Propellers,  Hydromatic  Type 


The  specific  propeller  technical  order  which  starts  with  3H1 
will  contain  all  the  information  concerning  hydraulic  controlled 
propellers  and  their  parts.    Host  of  these  technical  orders  contain 

^°rMJi!n  '?°Ut  the  «P«cific  Propeller  in  that  technical 
order  on  these  hydraulic  controlled  propellers.    To  identify  a  \ 
specific  type  of  hydraulic  controlled  propeller  a  second  set  of 

SfSis?  :dd,fit0  .the,9m-^Th*  di8it  nuaber  that  identifies 
the  54H60  propeller  is  13.    This  technical  order  will  identify  the 

SUmE*  °l  thi"  P"P<ller  and  it0  «*»  ^its.    The  last  number 
identifies  the  specific  type  of  technical  order  of  the  hydraulic 
controlled  propeller.    The  number  two  (2)  on  the  end  of  numbering 
system  identifies  that  technical  order  as  Field  Maintenance  Repair 
Instructions.    The  number  three  (3)  will  identify  that  technical 

four*  a?  leU    ™V61  Mainten*nce  technical  order  and  the  number 
four  (4)  is  the  Illustrated  Parts  Breakdown  (IPB)  for  that 

mitl  t  prop'n"-  ,You  w111  be  ««ing  the  following  technical 

There  are  other  specific  propeller  technical  orders  which 
contain  information  concerning  the  associated  equipment  used  on 
the  propeller  system.    These  technical  orders  are  easily  identified 
7  2?'    ,       8ection  of  the  numbering  system.    All  of  these 
technical  orders  start  with  the  category  number  3HA.    You  will 
learn  that  these  technical  orders  are  divided  into  major  groups  of 

n.;^  f  ^  ir°Pell!LeqUiPBent'  and        u<*d  t0  "P*ir  «nd  order 
parts  for  the  specific  type  of  associated  parts.    T>  se  malor 

2f?S2!   It"!  1.i!ted  ?  th*  neXt  Page  for  information,  so  you 

will  be  able  to  identify  the  individual  mtjor  category  of  the 

associated  equipment.  j 
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3HA2  -  Propeller  Integral  Oil  Control* 

3HM  -  Propeller  Governore 

3HA5  -  Propeller  Oil  Control  Puaps 

3HA6  -  Propeller  Spinner  Assemblies 

3HA7  -  Propeller  Synchrophaeers 

SUMMARY 

222£\S     '  1th*  IMUlt  °f  tMa  vlll  be  en  ouj- 

JSS?tJ1oS2  \\    *  «*•    On  the  other  Ld, 

xaiiure  to  follow  the  procedures  In  a  technical  order  ie 
ln^ccusable.    Thl.  ha.  resulted  In  damage  or  Wo?  equlwaent 

ZZiTlr  JZS**  *  °r  dwth  t0  have  S 

caused  by  maintenance  personnel  either  not  uelng  or  failin*  to 
follow  the  Instructions  of  a  technical  order!  8 

QUESTIONS 

general?  t8chnlcal  order  tod~  covers  all  propellers  In 

2.     What  doe.  the  3H1  mean  In  a  technical  order  number? 
instruction^  Utbaial  —*«  level  maintenance 

i^propSlrr61^  t8ClmlCtl  °rd8r  COntaln-  formation  on  the 

rono.^n^  "J08017  of  t^hnlcal  orders  contains  Information 
concerning  propeller  associated  equipment?  °™-ion 
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Jet  Engine  Branch 
Chanute  AFB,  Illinois 


3ABR42633-WB-210 
1  April  1980 


PROPELLER  TECHNICAL  PUBLICATIONS 


OBJECTIVE 

After  completing  this  workbook  and  your  classroom  Instruction, 
you  will  be  able  to  locate  specific  information  In  propeller 
technical  publications,  list  the  part  number,  figure  and  Index 
number,  units  per  assembly,  usable  on-code,  and  identify  specific 
parts  In  the  propeller  illustrated  parts  breakdown  publication* 

EQUIPMENT 


PROCEDURE 

Complete  the  three  projects  following  the  directions  given 
for  each  project. 


DIRECTIONS 

Using  TO  1C-130B-2-11,  locate  and  list  the  technical  order 
page  and  paragraph  number  for  specific  maintenance,  servicing,  and 
operating  information. 

1.    What  page  and  paragraph  number  will  list  the  procedures 
for  propeller  anti-icing  and  deiclng  system  operation?   


2.  What  page  and  paragraph  number  will  list  the  procedures 
for  troubleshooting  the  propeller  system?   

3.  What  page  and  paragraph  number  will  list  the  procedures 
for  removing  the  propeller  assembly  from  an  aircraft?   


4.    What  page  and  paragraph  number  lists  the  oil  servicing 
procedures  for  the  propeller?   


OPR:    3350  TCHTG  RGL:  N/A 

DISTRIBUTION:  X 

3350  TCHTG/TTGU-J  -  300;  TTVSA  -  1 

Designed  for  ATC  Course  Use.    Do  Not  Use  on  the  Job 


Basis  of  Issue 


TO  1C-130B-2-11 
TO  3H1-18-2 
TO  3H1-18-4 


l/student 
l/student 
l/student 


Project  1 
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Project  2 

DIRECTIONS 

Using  TO  3H1-18-4,  locate  the  pert  number,  figure  and  index, 
unite  per  assembly,  and  usable  on-code  for  the  parts  listed  in 
column  A. 

FIGURE  UNITS  USABLE 
AND  PER  ON- 

COLUMN  A  P/N       INDEX        ASSEMBLY  CODE 

1.  Low  pitch  stop 

2.  Dome  assembly 

3.  Pitch  lock  assembly 

4.  Deiclng  contact  ring 

5.  Retaining  nut 

6.  Propeller  blade 

Project  3 

DIRECTIONS 

Using  TO  3H1-18-2,  locate  specific  information  concerning 
maintenance  on  a  propeller  assembly. 

1.  What  is  the  paragraph  number  for  the  procedures  of 
tightening  the  eight  barrel  bolts?   

2.  What  is  the  paragraph  number  that  lists  the  procedures  for 
rear  spinner  installation?   

3.  What  is  the  paragraph  number  that  lists  the  procedures  for 
blade  damage  repair?   

4.  What  paragraph  lists  the  procedures  for  oil  testing  the 
propeller  assembly?  

5.  What  section  of  the  technical  order  lists  the  propeller 
constructional  differences?   
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PROPELLER  FUNDAMENTALS 

OBJECTIVE 

After  completing  this  study  guide  and  your  classroom  instruction, 
you  will  be  able  to  explain  basic  facts  about  propeller  constructional 
features,  operating  principles,  and  functions. 

INTRODUCTION 

Early  airplanes  used  fixed  pitch  propellers.    Then,  with  the 
passing  of  time,  adjustable  propellers  were  developed.    Some  of  the 
propellers  had  to  be  adjusted  on  the  ground.    Others  had  a  hydraulic 
or  electrical  system  which  allowed  the  pilot  to  change  the  blade 
angles  in  flight. 

The  changing  of  blade  angles  is  to  keep  with  such  changes  as 
air  density  and  aircraft  attitude.    This  allows  the  engine  to  operate 
more  efficiently. 

Next  the  constant  speed  propeller  was  developed.    This  type  of 
propeller  could  sense  an  off  speed  condition  of  the  engine.    An  off 
speed  is  when  the  engine  drives  the  propeller  too  fast  cr  when  the 
propeller  drives  the  engine.    It  would  then  automatically  change  the 
blade  angles  to  keep  the  engine  rpm  constant. 

Today1 s  turbopropeller  is  more  accurate  and  sensitive  than 
propellers  have  been.    This  is  necessary  because  of  the  close 
control  that  must  be  maintained  on  the  high  speed  turboprop  engines. 

As  you  can  see,  the  propeller  has  evolved  from  a  fixed  pitch  to 
a  complicated  device.    It  takes  well  trained  men  to  repair  and 
maintain  these  propellers. 

WARNING 

ICWARC  OF  T>€  PrOPtLLC* 
ALWAY^  CONSIDER  IT  TO 


PURPOSE  OF  A  PROPELLER 


OPR:  3350  TCHTG 
DISTRIBUTION:  X 

3350  TCHTG/TTGU-J  -  200;  TTVSA  -  1 


Propeller  blade  tips  are  required  to  be  painted  so  the 
mechanic  can  Identify  the  plane  of  rotation.    One  good  safety 
practice  to  observe  is  to  stay  clear  of  the  turning  propeller. 
Always  consider  the  area  in  front  as  well  as  the  rear  of  the 
propeller  as  a  danger  area. 

The  purpose  of  the  propeller  is  to  convert  engine  power  into 

forward  or  reverse  thrust.    It  oust  also  load  the  engine  and  thus 

control  its  speed.  The  propeller  blades  can  be  considered  a  series 
of  rotating  airfoils. 


The  thrust  of  a  propeller  is  developed  in  the  sane  manner  as 
lift  on  a  wing.    In  fact,  propeller  thrust  is  nothing  more  than 
lift  directed  forward  rather  than  upward.    See  figure  1. 

The  propeller  blades  are  held  at  the  center  of  rotation  by  a 
hub.    The  hub  is  attached  to  the  propeller  shaft.    As  the  shaft  is 
driven  by  the  engine,  the  propeller  turns  and  thrust  is  developed. 

As  an  airfoil  passes  through  the  air,  air  pressures  are 
present  and  acting  on  the  airfoil. 

Bernoulli's  principle  explains  how  these  air  pressures  behave. 
Bernoulli  was  an  Italian  who  performed  many  experiments  dealing  with 
velocity  and  pressure  of  fluid  which  includes  air.    Through  his 
experiments,  Bernoulli  proved  the  following  principle: 

As  a  velocity  of  a  fluid  across  a  surface  increases,  pressure 
on  that  surface  decreases.    As  velocity  decreases,  pressure 
increases.    Now,  let's  apply  this  principle  to  a  moving  airfoil. 


Am  FOIL 


Figure  1.  Airfoils. 


UPT 


Figure  2.    Airflow  Over  an  Airfoil. 


Refer  to  figure  2.    You  can  see  that  a6  the  air  flows  over 
the  airfoil  the  flow  over  the  curved  or  cambered  portion  must 


travel  farther  and  faster  than  the  flow  across  the  flat  portion. 
This  Increase  in  velocity  causes  a  decrease  in  pressure  on  the 
curved  portion.    As  a  result,  the  airfoil  moves  toward  the  low 
pressure  area.    In  the  case  of  the  wing,  it  would  be  up  (lift), 
and  on  the  propeller  blade  it  would  be  forward  (thrust). 


fLA«€  0#  ROTATKHt 


Figure  3.    Blade  Angle. 

For  a  propeller  to  produce  a  desired  amount  of  thrust  the 
blades  oust  be  set  at  a  specific  angle.    This  blade  angle  is  the 
angle  between  the  chord  of  the  blade  and  the  plane  of  rotation. 
See  figure  3. 


ANGUS  OF 
THE  SLADf 

Figure  4.    Variation  in  Blade  Angles. 

In  order  for  the  propeller  to  operate  properly,  the  blade 
angle  must  vary  along  the  length  of  the  blade.    See  figure  4.  The 
reason  for  this  variation  is  that  the  propeller  operates  like  a 
screw.    It  advances  at  the  same  time  that  it  rotates.    These  two 
notions  acting  upon  any  section  of  the  blade  cause  that  point  to 
follow  a  spiral  path  through  the  air.    See  figure  5.    That  is,  a  point 
on  n  section  near  the  tip  of  the  blade  will  trace  a  large  spiral. 
A  point  on  a  section  near  the  shank  of  the  blade  will  trace  a  smaller 
spiral.    If  those  spiral  paths  are  to  be  traced  with  the  various 
propeller  blade  sections  at  their  most  effective  angle,  then  each 
individual  airfoil  section  must  be  designed  and  constructed  so  that 
their  angles  become  gradually  less  toward  the  tip  of  the  blade  and  greater 
toward  the  shank  of  the  blade.    This  gradual  change  of  the  blade  angles  is 
called  a  pitch  distribution. 

NOMENCLATURE  AND  TERMS 

Too  will  be  required  to  know  certain  terms  and  theory  that 
pertain  to  propellers.    It  is  also  necessary  that  you  know  the  names 
of  various  parts  of  a  propeller.    The  following  is  a  list  of  propeller 
terms  and  nomenclature. 

o  4 
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Figure  5.    Action  of  Propeller  Blade. 
Propeller  Hub  -  That  part  of  the  propeller  that  retains  the  blades. 

Pitch  Change  Mechanism  -  Provides  the  force  required  to 
accomplish  blade  angle  change* 

Blade  Angle  -  The  angle  between  the  chord  line  of  the  blade 
and  the  plane  of  rotation. 

Chord  Line  of  Blade  -  An  imaginary  line  drawn  through  the 
blade  from  the  leading  edge  to  the  trailing  edge.    It  is  perpen- 
dicular to  the  center  of  the  blade. 

Center  Line  of  Blade  -  An  imaginary  line  drawn  through  the 
center  of  a  blade  from  tip  to  butt.    It  is  used  when  laying  off 


Figure  6.    Blade  Terms. 
9  5 
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Blade  Stations  -  Designated  distance  on  the  blade  as  sreasured 
from  the  hub  center.    It  is  common  practice  to  designate  these 
stations  at  6-inch  intervals.    See  figure  6. 

Blade  Track  -  When  similar  points  on  all  blades  of  a  propeller 
follow  in  the  same  plane  of  rotation. 

Blade  Data  -  Contains  blade  drawing  number;  serial  number:  high 
angle;  low  angle;  feather  angle;  reverse  blade  angle;  reference 
station  for  measuring  blade  angle.    This  information  is  located  on 
the  cambered  side  of  the  blade  between  the  12-24  inch  station. 

Revolutions  Per  Minute  (RPM)  -  The  number  of  complete  turns  an 
object  makes  in  one  minute  of  time. 

Thrust  Side  -  The  side  of  a  propeller  blade  which  is  usually 
flat  or  nearly  so. 

Camber  Side  -  The  curved  side  of  a  propeller  blade. 

Leading  Edge  -  The  edge  of  the  blade  that  strikes  the  air  first. 

Trailing  Edge  -  The  edge  of  the  propeller  blade  opposite  the 
leading  edge. 

Blade  Shank  -  The  thick  rounded  part  of  the  blade. 

Blade  Butt  -  The  portion  of  the  blade  that  extends  into  the 
hub  or  barrel. 

Blade  Tip  -  The  outer  extremity  of  the  blade. 

Blade  Cuff  (Fairing)  -  A  molding  placed  on  the  blade  shank  to 
extend  the  blade  airfoil  to  the  propeller  hub. 


Figure  7.    Position  of  Propeller  Blade  at  Different  Angles. 

Low  blade  angle  is  the  lowest  angle  that  the  blades  of  a 
propeller  can  be  set  and  still  effectively  produce  forward  thrust 
for  a  given  aircraft.    See  figure  7. 

High  blade  angle  is  the  highest  angle  that  the  blades  of  a 
propeller  are  set  to  operate  in  the  automatic  constant  speed 
operations.    See  figure  7. 

Feathered  blade  angle  is  the  angle  at  which  the  blades  are 
streamlined  to  the  line  of  flight.  This  will  prevent  propeller 
windmilling  and  reduce  drag  on  the  aircraft.    See  figure  7. 
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Reverse  blade  angle  is  the  position  the  blades  assume  for 
reverse  thrust.  This  will  slow  the  aircraft  down  after  it  has 
landed.    See  figure  7. 

TYPES  OF  PROPELLERS 

There  are  two  general  types  of  propellers;  noncontrollable 
and  controllable. 

Noncontrollable  Propellers 

The  noncontrollable  propeller  cannot  change  blade  angle 
during  flight.    On  some  of  the  noncontrollable  propellers  the 
blade  angle  can  be  changed  on  the  ground.    This  type  of  propeller 
is  used  on  low  horsepower  engines. 

Controllable  Propellers 

These  propeller  blade  angles  can  be    hanged  during  flight. 
They  are  used  on  medium  or  high  horsepov*--  engines.  Controllable 
propellers  can  be  broken  down  into  twt  categories;  two  position 
propellers  and  automatically  controlled  propellers. 

Tw>  Position.    These  propellers  have  a  mechanical  device 
whereby  the  pilot  can  select  either  a  high  or  a  low  blade  angle. 

Automatically  Controlled.    These  propellers  are  fully  auto- 
matic and  are  controlled  by  a  governing  device.    The  blades  of 
these  propellers  will  automatically  change  angle  to  maintain  the 
selected  rpm  of  the  engine.    This  is  the  most  widely  used  propelle 
in  the  Air  Force  today. 

The  turboprop  is  one  of  the  most  recent  developments  in 
propellers.    As  you  learned  in  the  first  part  of  this  study  guide, 
the  turboprop  is  used  on  a  turboprop  engine. 

PROPELLER  FORCES  AND  STRESSES 

Equally  iaportant  in  blade  design  are  the  stresses  set  up 
within  the  rotating  propeller  by  the  forces  acting  on  it.  When 
the  propeller  is  rotating  at  high  speeds,  it  is  subject  to  three 
general  types  of  stresses;  tensile,  torsional,  and  bending. 


Figure  8.    Centrifugal  Force  (Tensile). 
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Teneile:    Tensile  stresses  are  created  by  centrifugal  force 
acting  on  the  propeller  blade  as  shown  in  figure  8*    To  make  this 
clearer,  suppose  a  weight  is  whirled  at  the  end  of  a  string*    The  V 
pull  on  the  weight  outward  supplies  what  is  known  as  centrifugal 
force  created  by  the  whirling  motion  of  the  propellers  has  a 
tendency  to  pull  the  blades  from  the  hub*    This  force  or  pull  is 
equal  to  approximately  50  tons  per  blade  on  a  medium  size 
propeller* 


Figure  9.    Centrifugal  Tuieting  Moment. 

Toreional:    Torsional  stress  is  caused  by  a  force  called 
Centrifugal  Twisting  Moment  (CTM) ♦    This  force  constantly  tries 
to  twist  the  blades  to  a  zero  blade  angle  or  flat  pitch*    CTM  is 
present  at  all  times  during  propeller  rotation.    See  figure  9* 

i 


Figure  10.    Bending  "tress. 

Bending:    Bending  stress  is  created  by  thrust.    The  forward 
pull  of  the  propeller  tends  to  bend  the  blades  forward  as  shown  in 
figure  10*    This  stress  id  counteracted  by  centrifugal  force  acting 
on  the  blades.    The  thrust  face  tends  to  bend  the  blades  forward. 
The  tremendous  centrifugal  force  pulling  out  on  each  blade  tends 
to  hold  it  straight. 

PROPELLER  MODEL  NUMBERS 

Propellers  are  identified  by  their  model  numbers.    Each  charac- 
ter or  designator  that  makes  up  the  model  numbers  represents 
specific  information.    The  chart  in  figure  11  shows  a  Hamilton  (the 
manufacturer  of  the  propeller)  propeller  model  number  and  the  meaning 
of  each  of  the  designators. 

er|c  8  53,) 
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figure  11.    Propeller  Model  Numbers. 


BLADE  DRAWING  NUMBERS 

As  in  the  propeller  model  numbers,  the  blades  are  also  identified 
by  a  number.    This  number  is  called  a  blade  drawing  number. 
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Figure  12.    Propeller  Blade  Designations 
(Blade  Drawing  Number). 

The  chart  illustrated  in  figure  12  lists  a  typical  propeller  blade 
drawing  number.    It  also  shows  the  meaning  of  each  of  the  designators. 

SUMMARY 

In  this  study  guide  t  brief  mention  was  made  of  the  fundamental 
theory  that  applies  to  propellers.    Terms  such  as  leading  edge,  blade 
angle,  blade  tip,  etc.,  are  very  important.    You  would  do  well  to 
learn  these  terms  and  know  what  they  mean. 

Also  listed  were  some  of  the  stresses  that  are  constantly  acting 
on  the  rotating  propeller.    These  forces  have  a  definite  affect  on 
the  propeller  operation. 

The  types  of  propellers  listed  gives  you  an  idea  of  the  progress 
made  in  the  development  of  the  propeller.    The  turbopropeller  is  now 
the  latest  type  and  more  information  on  it  will  be  given  to  you  later 
on  In  the  course. 

QUESTIONS 

1.      What  does  the  number  60  represent  in  the  propeller  model 
number  54H60-91? 


2.      What  is  the  purpose  of  the  propeller? 
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3.  Define  the  ten  "blade  angle." 

4.  Define  Bernoulli9 a  principle. 

5.  Rue  two  general  typee  of  propcllera. 

6.  What  ia  meant  by  toraional  atreaa? 

7.  Name  three  forcea  that  act  on  a  rotating  propeller. 

8.  What  la  the  purpoee  of  the  pitch  change  mechanism? 

9.  When  and  why  ia  the  revereisg  operation  of  a  propeller 

used? 

10.  Why  ia  the  blade  engle  at  the  tip  leas  than  the  angle 

midway  of  the  blade? 


10 
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After  completing  ^this  workbook  and  your  classroom  instruction, 
you  will  be  able  to  identify  fundamental  propeller  terms. 
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PROCEDURE 

Complete  the  five  tasks  following  the  directions  for  each  task. 
You  may  use  SG-209  to  assist  you. 

1.  Using  figure  1,  match  the  circled  numbers  on  the  drawing 
with  the  correct  name  listed  below* 

NAME  NUMBER 

Hub   

Blade   

Pitch  changing  mechanism   

Plane  of  rotation   

Axis  of  rotation   

2.  Using  figure  1,  match  the  circled  numbers  on  the  drawing 
with  the  correct  name  listed  below. 

NUMBER 


a. 

b. 
c. 
d. 
e. 


NAME 

a. 

Blade  tip 

b. 

Blade  butt 

c. 

Blade  shank 

d. 

Blade  centerline 

e. 

Blade  reference  station 

f. 

Blade  chord  line 

g. 

Blade  angle 

h. 

Thrust  3ide 

i. 

Camber  side 

J. 

Leading  edge 

k. 

Trailing  edge 
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3.      Select  the  description  for  each  stress  listed  and  place 
the  corresponding  letter  in  the  blank  provided. 


Torsional 

Tensile 

Bending 


a.  Tends  to  pull  the  blade 
out  of  its  socket. 

b.  Causes  the  rpra  to  rise. 

c.  Tends  to  turn  the  blade 
to  a  lover  angle. 

d.  Causes  the  blade  tip  to 
lead  the  blade  shank 
slightly. 

4.      Select,  from  the  column  of  information,  the  items  that  explain 
the  meaning  of  each  of  the  characters  in  the  following  PROPELLER  MODEL 
numbers.    Place  the  correct  information  in  the  b^ank  spaces  provided 
at  each  model  number «, 


a. 

4 


60- 


91 


(1)  Propeller  manufacturer 
  (2)  Number  of  blades 

(3)  Major  modifications 

(4)  Shaft  size 

  (5)  Minor  modifications 

  (6)    Shank  size/type  of  blade 

material 

  (7)    Length  of  blade 

(8)  Propeller  can  be  Feathered 

(9)  Propeller  can  be  Reversed 

5.      Select  from  the  column  of  information  the  items  that  explain 
the  meaning  of  each  of  the  characters  in  the  following  BLADE  DRAWING 
numbers.     Place  the  correct  information  in  the  blank  spaces  provided 
at  each  blade  drawing  number. 

a.      Hamilton  Blade  drawing  numbers 


7111 


(1)  Basic  blade  design 

(2)  Complete  blade  assembly 

(3)  Blade  material 

(4)  Inches  propeller  is 
reduced  from  original 
diameter 


(5)  Shank  size 

(6)  Blade  has  a  molded  cuff 

(7)  Direction  of  rotation 

(8)  Major  changes 

(9)  Blade  belongs  to  a  matched 
set 

(10)  Minor  changes 
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FOREWORD 


This  programmed  text  was  prepared  for  use  in  Course  3ABR42633, 
Turboprop  Propulsion  Mechanic.    The  material  has  been  validated  with 
thirty  (30)  students  from  the  subject  course.    Ninety  percent  of  the 
students  achieved  the  objectives  as  stated.    The  average  time  to 
complete  this  programmed  text  was  5  hours  and  30  minutes. 

OBJECTIVES 

After  completing  this  program  test,  you  will  be  able  to  identify 
the  parts  of  the  PSM-37  multimeter,  and  the  correct  procedures  for 
using  it. 

INSTRUCTIONS 

This  programmed  text  presents  information  in  small  steps  called  * 
"frames."    Carefully  study  the  written  material  and/or  diagram  in  each 
frame  until  you  are  satisfied  that  you  understand  its  contents.  Each 
frame  requires  you  to  respond  to  the  information  in  some  way.  For 
example,  you  may  be  required  to  select  the  true  statements  or  insert  a 
correct  answer.    Specific  instructions  are  provided  in  each  frame.  After 
you  have  made  your  response,  compare  your  answers  with  the  answers  given 
two  frames  over.    The  answers  will  be  located  at  the  bottom  of  the  page. 
If  you  are  correct,  go  on  to  the  next  frame.    If  you  are  incorrect,  study 
the  frame  again  and  correct  your  mistakes  before  continuing.     If  you  still 
can't  understand  your  mistake,  ask  your  instructor  for  assistance.  Read 
carefully,  select  the  correct  answer  and  DO  NOT  HURRY. 

INTRODUCTION 

In  the  inspection,  maintenance,  and  operation  of  aircraft  electrical 
equipment  you  will  often  have  to  measure  voltages,  currents,  and  resistance. 
In  electrical  work,  one  or  more  of  the  following  methods  are  commonly  used 
to  determine  if  the  circuits  on  an  aircraft  are  operating  properly: 

1.  Measure  the  amount  of  current  flowing  in  a  circuit. 

2.  Determine  the  difference  in  potential  between  two  points  in  a 
circuit. 

3.  Measure  circuit  continuity  and  total  or  partial  circuit  resistance. 

The  multimeter  has  been  designed  as  a  multipurpose  instrument  that  can 
measure  AC/DC  voltages,  resistances,  and  DC  current  flow.     There  are  a  number 
of  multimeters  in  use  by  the  Air  Force.    You  will  learn  to  use  the  PSM-37 
multimeters  in  this  PT. 


OPR:  3350  TCHTG 
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Frame  1 


Biis  frame  summarizes  the  safety  precautions  that  must  be  observed 
^  when  using  the  PSH-37  to  test  circuits. 

1 .  Die  PSM-37  should  never  be  handled  carelessly.    Aside  from 
being  expensive,  it  is  sensitive  and  delicate.    Donft  abuse  it. 

2.  When  measuring  voltage  and  current,  start  your  check  with 
the  range  switch  set  on  "1000".    Then  move  it  to  a  lower  setting  if 
necessary.    Then  turn  it  to  a  range  higher  than  that  applied  to  the 
circuit  after  making  the  check,    -this  way  the  meter  will  be  ready 
for  the  next  check. 

3»    Never  connect  the  ohmmeter  to  a  circuit  that  has  power  on 

it. 

li»    When  used  as  a  voltmeter,  connect  it  in  "parallel"  with  the 
voltage  drop  being  checked. 

£.   When  measuring  DC  voltage  and  current,  be  sure  to  observe 
polarity  when  connecting  the  meter  to  the  circuit.    Note  if  the  meter 
needle  moves  left  on  the  scale,  either  reverse  meter  leads  on  the 
circuit  or  tarn  the  polarity  switch  to  the  other  DC  position. 

6.    When  used  as  an  ammeter,  connect  it  in  "series"  with  the 
portion  of  the  circuit  being  checked. 

^  !•    Before  connecting  the  meter  to  a  circuit,  make  sure  it  is 

vw-  set  up  for  the  values  to  be  measured.    (AC  or  DC  volts  and  amps,  or 

ohms) 

8.    Periodically  check  the  strength  of  the  internal  battery. 
Accomplish  this  by  zeroing  the  ohmmeter  on  each  of  the  range  switch 
settings.    If  it  does  not  zero  on  all  settings,  the  battery  needs  to 
be  replaced. 

9»    Store  the  meter  with  the  switches  in  the  following  positions: 
POLARITY  switch  "OFF",  RANGE  switch  "1,000",  and  FUNCTION  switch  VOLTS 
20  &VV.    3hese  positions  give  the  meter  some  protection  if  the  next 
person  forgets  to  check  the  meter  before  placing  it  in  a  circuit. 

NO  RESPONSE  REQUIRED,  GO  ON  TO  BE  NEXT  FRAME. 
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Frame  2 


Ihe  nultiaeter  taught  in  this  PT  is  the  PSM-37  multimeter.  Bie 
PSH-37  can  be  used  to  check  alternating  current  (AC),  direct  current 
(DC),  AC  and  DC  voltage,  and  resistance.    Ihe  maximum  value  of  each 
that  this  meter  can  measure  is  given  in  the  chart  shown  below. 


Units 

Without  A 
Lead  Adapter 

With  Adapter 

Voltage 

0-1000  Volts 

0-5000  volts 

Current 

0-1  amp 

0-10  amps 

Resistance 

0-100  Megohms 

No  Adapter 

List  the  Five  Functions  of  the  PSM-37 


1. 
2. 
3. 
U. 
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Frame  3 


In  order  for  you  to  make  volts,  amps  and  ohms  tests  with  the 
PSM-37  multimeter,  you  must  know  where  all  of  the  controls  are  found 
and  what  they  do.   We  will  tell  you  about  each  of  them  in  the  next 
few  frames.    As  we  talk  of  them,  find  them  on  your  meter  to  check 
your  knowledge  of  their  location. 

NO  RESPONSE  REQUIRED 
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Frame  4 


The  meter  face  shows  the  values  that  you  are  measuring.    It  is  made 
up  of  two  scales j  OHMS  and  AC  and  DC. 

The  green  OHMs  scale  is  used  when  you  make  a  resistance  test.    It  is 
read  from  right  to  left.    Look  at  your  meter;  you  will  see  a  wide  green 
area  on  the  OHMS  scale  from  5-60»    B*e  reason  for  this  is  to  show  the  part 
of  the  scale  where  the  most  accurate  readings  can  be  itiade.    In  later  frames 
you  will  find  it  extremely  important  to  take  readings  in   this  wide  green 
area  for  the  most  accurate  range. 

The  black  AC  &  DC  scale  is  used  when  you  make  a  voltage  or  current 
test  of  circuits.    The  values  of  the  scales  will  be  volts  when  measuring 
voltage  and  milliamperes  (MA)  when  you  test  for  current.    By  now  you  should 
have  seen  that  there  are  tnree  sets  of  numbers  below  the  black  scale. 
You  will  be  told  more  about  these  later. 

The  meter  needle  (pointer)  points  to  the  value  of  volts t  milliamperes 
or  ohms  being  measured. 
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Frame  4  (Cont'd) 

Match  the  statement  or  function  in  Column  B  with  the  names  to 
which  they  relate  in  Column  A  by  placing  the  letter  of  the  Column 
B  items  beside  the  numbers  of  the  Column  A  items. 


Column  A 
J.    OHMS  scale 
2.    AC  &  DC  scale 
J}.  Needle 

b.   Most  accurate  ohms 


Column  B 

a.  Read  left  to  right  and 
evenly  marked  c 

b.  Moves  to  indicate  the 
valued  being  measured. 

c.  Ranges  from  zero  (0) 
to  infinity  W 

d.  Displays  the  values  being 
measured. 

e.  0  to  60. 

f .  5  to  60. 


Answers  to  Frame  2* 

1.    AC  voltage,       2.    DC  voltage,       3-    AC  current,       h*    DC  current 
Resistance.       (  Answers  may  be  given  in  any  order.) 


512 


631 


Frame  5 

The  OHMS  ADJUST  knob  is  found  at  the  center  and  to  the  left  of  the 
meter  front  and  is  marked  ADJ.    It  is  used  to  compensate  for 
ttHgiS  of  the  batteries  that  are  in  the  meter.    It  is  turned  to  make 
the  needle  line  up  on  the  "0"  on  the  ohms  scale,  before  you  make  a 
resistance  check. 

NO   RESPONSE  REQUIRED 
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Frame  6 


The  FUNCTION  switch  can  be  seen  in  the  lower  left  on  the  meter  front* 
It  is  used  to  set  the  meter  up  to  test  for  AMPS,  OHMS,  or  VOLTS.    It  has 
seven  positions*    The  ones  that  you  will  have  to  use  the  most  are  the  "MA" 
position  for  current  checks,  "LP"  and  "SO"  for  resistance  checks,  and 
"20Kn/V1"  for  voltage  checks.    The  "LP"  position  on  ohms  has  a  low  power 
output  for  use  when  testing  solid  state  devices  and  very  small  values  or 
resistance  (0  to  60n  ).    The  "STD"  is  used  for  all  other  ohms  checks. 


OHMS 


FUNCTION 


Place  a  checkmark  (v^f  beside  each  true  statement. 

) .    To  set  the  meter  for  measuring  voltage,  you  would  turn  the 
function  switch  to  one  of  the  voltage  settings. 

2.    Bie  "STD"  position  of  the  function  switch  is  for  measuring 
low  powered  components. 


Answers  to  Frame  4:    1.    c,    2.    a,     3.    b,     U.  f 
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Frame  7 


The  test  jacks  are  found  at  the  bottom  center  of  the  meter  front. 
The  red  one  is  the  positive  jack  and  is  marked  with  a  +  .    The  black 
jack  is  negative  and  is  not  marked.    The  two  jacks  give  a  connection  point 
for  the  meter  leads.    There  are  two  meter  leads j  one  red  and  one  black. 
The  red  lead  will  always  be  placed  in  the  positive  side  of  the  circuit 
and  the  black  in  the  negative.    Be  sure  that  you  match  the  color  of  the 
lead  with  the  color  of  the  jack.    If  you  reverse  the  leads,  the  meter  may 
be  damaged  when  it  is  connected  to  a  live  circuit  (one  th&t  has  power  applied). 
Refer  to  the  diagram  below. 


BLACK  JACK 


JACK 


BLACK 
PLUG 


Complete  the  following  statement(s)  by  choosing  the  correct  word  or 
words  and  record  them  on  the  response  sheet. 


1.    The  red  lead  is 


(negative/positive)  and  is 
(red/black)  meter  jack*  The 


connected  to  the  

 (red/black)  negative  lead  is  connected  to  the 

 (red/black)  meter  jack. 
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Frame  o 


Die  RANGE  switch  is  found  in  the  lower  right  corner  of  the  meter  front 
and  is  marked  RANGE.    It  is  used,  to  set  the  maximum  values  of  voltage  and 
current  to  be  measured  or,  the  multiplier  for  the  resistance  checks.  The 
maximum  range  settings  are  those  numbers  below  the  lines.    The  multipliers 
are  the  R  X  numbers  above  the  line.    The  position  of  the  range  switch 
relates  one  of  three  things  to  the  operator: 

1 .  The  maximum  voltage  that  the  meter  can  measure  at  that  particu- 
lar range  setting.    Set  the  function  selector  to  the  volts  -  10  Meg  posi- 

^f!  10111610  Position.    The  meter  will  measuVe  a 

maximum  of  10  volts. 

2.  The  maximum  current  that  the  meter  can  measure  at  that  part  cular 

ITtnn     £ng*  *Set        fUnctton  elector  to  AMPS  -  MA  and  the  range  switch 
xo  ;>oo.    Bie  meter  is  capable  of  measuring  a  maximum  of  $0o  ma  (one-half 
of  an  amp ) . 

3.  Ihe  multiplier  of  the  ohmic  (resistance)  value  that  the  meter  is 
reading.    Set  the  function  selector  to  the  OHMS  -  STD  position  and  the 
range  switch  to  R  X  1K.    Multiply  the  meter  reading  by  1000  to  get  the 
correct  resistance  value. 


MULTIPLIER 


MAXIMUM 
VALUES 


B  X  IK 


RANGE 

Place  a  checkmark        beside  the  true  statement  (s) 

J .    The  range  switch  ,neans  the  maximum  voltage  the  me  W  will  nu->a<  *e 
on  the  OHMS  function.  '  ' 

.2.    While  the  PSM-37  is  set  to  AMPS  -  MA,  the  range  switch  tells  the 
operator  the  maximum  current  the  meter  is  capable  of  measuring  at 
that  setting.  6 

J.    With  the  RANGE  switch  in  the  R  X  10K/2$0  setting,  the  operator 
would  multiply  the  OHMS  scale  readings  by  10,000. 


Answers  to  Frame  6  :  )f 1 .   2. 
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Frame  9 


The  polarity  switch  turns  the  multimeter  on  and  off,  and  sets  the 
meter  to  test  DC+,  DC-,  or  AC.   The   ♦   and   -   signs  mean  the  polarity 
that  must  be  applied  to  the  red  test  lead  when  you  make  DC  measurements 
so  that  the  meter  pointer  will  move  up  scale  to  the  right.    If  the  pointer 
moves  to  the  left,  just  change  the  polarity  switch  to  the  other  DC  setting 
or  reverse  the  test  leads  in  the  circuit.   When  you  make  OHMS  checks,  the 
♦  or  -  will  mean  the  output  polarity  of  the  red  test  lead.    The  shape  of 
the  polarity  switch  knob  will  not  allow  the  cover  for  the  meter  to  be  put 
on  unless  the  switch  is  in  the  off  position. 


Caqplete  the  following  statements  by  placing  the  correct  uord(s) 
in  the  blank  spaces* 

1.  When  a  negative  voltage  is  applied  to  the  red  lead,  the  polarity 
switch  must  be  turned  to  the  position. 

2.  Die  meter  polarity  switch  would  be  turned  to   position 

when  measuring  alternating  current. 

3*    If  the  meter  needle  moves  to  the  left  of  the  "0"  on  AC  &  DC 

scale,  the  switch  must  be  turned  to  the  opposite 

DC  position. 


Answers  to  Frame  7:    1.   positive,  red,  black,  black 
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Frame  io 


The  OVERLOAD  indicator,  and  the  PUSH  TO  OPEN  AND  RESET  control  are 
both  a  part  of  the  overload  protection  circuit.    A  red  shaft  will  show 
in  the  overload  indicator  when  the  meter  has  been  overloaded.    To  reset 
the  meter  for  normal  use,  just  take  the  meter  leads  out  of  the  circuit, 
and  push  the  "push  to  open  and  reset"  control.    The  red  shaft  will  retract 
and  stay  that  way  when  you  let  go  of  the  button,  if  the  overload  circuit 
breaker  has  been  reset  the  right  way.    The  next  step  is  to  set  the  meter 
to  a  higher  range  so  that  it  will  not  be  overloaded  again.    Now  the 
meter  is  ready  for  use.    The  push  to  open  and  reset  control  should  be 
pushed  in  when  you  change  the  range  or  function  switch  setting  and  you 
do  not  take  the  test  leads  from  the  circuit. 


Complete  the  statements  below  by  filling  in  the  blank  spaces  with 
the  correct  answers. 


\  OVERLOAD 


1. 


2* 


After  removing  the  meter  from  a  circuit  due  to  an  overload, 
you  must  push  in  the  button. 
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Frame  11  (Cont'd) 

The  following  exercise  checks  your  knowledge  of  the  meter  control 
names,  location  and  functions.    Use  the  illustration  of  the  meter  on 
the  preceding  page  to  select  the  letter  that  corresponds  to  the  name  of 
that  control.    Place  the  letter  you  chose  from  the  illustration  in  the 
"Meter  Letter"  column.    Then  match  up  the  function  of  the  controls  in 
the  "Function"  column  with  the  name  of  the  control  in  the  "Name"  column. 
Place  your  letter  choice  in  the  "Function  Letter"  column. 


Name 


1 .  Needle 

(Pointer) 

2.  OHMS 

(Green) 

3-    OHMS  Adj. 

U-  Test 
jacks 

5-  Function 
switch 


Meter 
Letter 


Function 
Letter 


6. 
7. 


Polarity 
switch 

PRESS  TO 
OPEN  and 
RESET 


8.  AC  &  DC 

9 .  Overload 

10.  Range 
Switch 


Answers  to  Frame  9: 

1.    DC-,      2.    AC,    3-  Polarity 
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Functions 


(a)  scale  used  to  indicate 
voltage  or  current 
readings . 

(b)  aligns  with  the  scale 
to  indicate  value 
measured . 

'(c)    hook-up  point  for  leads, 

(d)  used  to  break  meter 
input  circuit  and 
reset  overload 
protector. 

(e)  used  to  "2ero"  the 
pointer  on  OHMS 
scale. 

(f)  determines  if  meter 
measures  OHMS,  VOLTS, 
or  AMPS. 

(g)  used  to  select  the 
type  of  current  or 
voltage  to  be  applied 
to  the  meter. 

(h)  indicates  values  in 
OHMS. 

(i)  determines  maximum 
value  to  be  measured 
or  multiplier  for 
ohms. 

(j)    indicates  excessive 
power  has  been 
applied  to  PSM-37. 


5o() 
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Frame  12 

Look  at  the  face  of  the  PSM-37  meter  in  front  of  you.    The  AC  &  DC 
scales  are  printed  in  black.    On  the  lower  left  side  of  the  meter  face 
you  will  find  the  FUNCTION  switch.    It  has  three  VOLTS  positions.  Wiile 
in  this  block  we  will  have  you  use  the  20KB /V  position.    The  only 
difference  between  the  three  positions  is  in  circuit  loading  and  this 
will  be  explained  in  more  detail  later  in  the  course.    On  the  lower 
right  side  of  the  meter  face  is  the  RANGE  switch.    This  switch  is  very 
important  since  it  i3  used  to  select  the  maximum  range  the  meter  can 
measure  in  volts  and  current.    If  you  select  the  wrong  range,  you  could 
cause  dsn  age  to  the  meter. 

Look  at  the  AC  &  DC  scale.  You  will  notice  that  there  are  three 
sets  of  numbers.  In  the  space  below,  write  the  range  for  each  set  of 
numbers.    The  first  one  has  been  done  for  you. 

Top  Scale:    Numbers  range  from  0  to  2.j>. 

Middle  Scale:    Numbers  range  from    to   . 

Bottom  Scale:    Numbers  range  from   to   . 


Answers  to  Frame  10:     1.    overload,  red    2.    Push  to  open  and  reset 
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Frame  13 


The  number  to  the  far  right  of  each  scale  shows  the  maximum  deflec- 
tion of  the  meter's  needle •    The  values  of  these  numbers  (2.5*       and  10) 
will  depend  on  where  the  range  switch  is  set.    There  are  seven  ways  to 
set  the  range  switch:  2.$,  10,  $Q,  2$0,  $00>  and  1,000.    Biese  numbers 

show  the  highest  value  which  can  be  read  with  the  meter  for  any  of  the 
settings  of  the  range  switch.    For  example,  if  the  range  switch  was  set 
at  25>0,  the  maximum  value  that  could  be  checked  with  the  meter  would  be 
2f>0.    'Diis  value  may  be  in  volts  or  milliamps  as  determined  by  the  function 
switch.    If  more  than  2$0  were  applied  to  the  meter,  it  might  be  damaged. 

Fill  in  the  blanks  with  the  correct  number. 

1  •    If  the  range  switch  is  set  at  £0,  the  maximum  voltage 
that  can  be  measured  would  be   • 


2.    If  the  range  switch  is  set  at  2. 5*  the  maximum  voltage 
that  can  be  measured  would  be     


3*    If  you  wanted  to  measure  a  voltage,  the  value  which 
would  be  between  2£0V  and  500V,  the  RANGE  switch  would 
have  to  be  set  at  the   position. 


Answers  to  Frame  11:    1.    C    (b)         2.    A    (h)       3.    D  (e) 
I    (c)  E    (f)    6.    H    (g)     7.    I    (d)     8.    B  (a) 

9-    J  10-  JOS 
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Frame  14 

Since  there  are  seven  ways  to  set  the  range  switch  and  only  three 
different  scales,  each  scale  is  used  by  several  range  positions.  Hie 
2*5  and  250  range  switch  positions  use  the  top  scale  (0-2.5) •  The 
.5,  50,  and  500  ranges  use  the  middle  scale  (0-5)*    The  10-100  range 
use  the  bottom  scale  (0-10).    Do  not  try  to  memorize  these  as  they 
are  easy  to  figure  out.    The  first  digit  of  the  ranges  that  use  the 
0-5  scale  is  a  5.    The  first  digit  of  the  ranges  that  use  the  0-2.5 
scale  is  a  2.    Ihe  first  digit  of  the  ranges  that  use  the  0-10  scale 
is  a  1 . 


Place  either  0-2.5  or  0-5,  or  0-10  in  the  spaces  provided  to 
indicate  the  scale  that  would  be  used  for  each  of  the  range  switch 
settings.    The  first  one  has  already  been  done  for  you. 


Range  Switch  Set  at  Scale  Used 


.5 

a.  0-5 

2.5 

b. 

10 

c. 

50 

d. 

250 

e. 

500 

f. 

1000 

e. 

Answers  to  Frame  12 :    0  to  5 

0  to  10 
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Ft  ainu  .5 

In  the  last  frame  you  learned  how  to  choose  the  right  scale  for  each 
range  position.  With  the  RANGE  switch  set  on  50,  the  readings  are  read  from 
the  0-5  scale.    Since  the  meter  can  now  only  read  a  maximum  of  50, the  number 
5  will  mean  50.    The  h  will  mean  1*0,  the  3  will  mean  30,  and  so  on.  Notice 
that  the  changing  of  5  to  50  resulted  in  the  maximum  number  on  the  scale 
matching  the  RANGE  switch  position,  and  the  other  numbers  change  by  the  same 
amount  (multiplied  by  10).    The  way  you  determine  the  value  of  the  maximum 
number  on  the  scale  is  by  changing  the  maximum  number  on  the  scale  to  match 
the  RANGE  switch  position.    Example:    The  range  position  ox  250  uses  the 
0-2.5  scale.    The  2.5  will  now  mean  250,  the  2  will  mean  200,  the  1.5  will 
mean  150,  and  so  on. 

For  all  the  exercises  below,  the  POLARITY  switch  is  set  on  DC+,  the 
FUNCTION  switch  is  set  on  VOLTS  20KfW.  What  is  the  voltage  indicated  on 
each  of  the  following  scales  for  each  of  the  RANGE  switch  positions?  The 
first  one  is  completed  for  you. 

1 •      Use  figure  A. 

a.      50  range     uOV  DC  c.      500  range  


b.      1000  range    d.      .5  range_ 
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Frame  15  (Cont'd) 
2.   Use  figure  B. 

a.  2.£  range 

b.  10  range 


c.  2^0  range 

d.  #5  range 


n  ii  1 1  in 


ac  a  D.C 


B. 


Answers  to  Frame  13:    1.    ?0V       2.    2.£?      3-  500V 
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Frame  16 


Die  maximum  value  of  each  scale  is  determined  by  the  position 
of  the  RANGE  switch.    With  the  RANGE  switch  at  the  10  range,  the 
0-10  scale  was  read  as  is,  Max  10.    The  difficulty  in  reading  the 
scale  comes  when  the  needle  stops  on  one  of  the  small  marks  between 
the  numbers.    To  find  the  value  of  each  mark  on  the  scale,  divide 
the  RANGE  switch  position  by  £0.    Example:    RANGE  switch  in  10 
range,  divide  10  by  £0  to  get  .2.    Each  marking  on  the  0-10  scale 
is  worth  .2  points  a  piece*    See  figure  A  below.    When  you  start 

at  zero,  you  would  count  the  marks,  0,  .2,  .li,  .6,  .8,  1  

 9*2,  9.ii,  9.6,  9.8,  10.    You  use  the  same  procedure  to  find 

the  value  of  the  small  mark  for  each  of  the  RANGE  switch  positions. 
The  reason  we  use  $0  as  the  denominator  is  there  are  £0  marks  along 
the  AC  &  DC  scale.    Since  the  scale  is  linear  (evenly  spaced  and 
marked),  you  can  use  the  $0  as  the  denominator  on  all  range  positions 
and  scales. 
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Frame  16  (Cont'd) 


PROBIiM  1 

Pill  in  the  blanks  with  the  appropriate  response  for  tho  scale 
used  and  the  value  of  each  black  inark  on  the  scale.    Ihe  fir..t  one 
is  accomplished  for  you. 

Range  Switch  Set  At  Scale  Used  Value  of  Each  Mark 


•5 

0-5 

2.5 

a. 

b. 

10 

c. 

d. 

50 

e. 

f . 

250 

g. 

h. 

500 

i. 

j. 

1000 

1. 

)  ' 

t 

I 


Answers  to  Frame  14:  b.  0-2.5  c.  0-10 
e.    0-2.5       f.    0-5  g.  0-10 
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Frame  17 

Bie  following  exercise  is  to  insure  your  ability  to  interpret 
meter  indications  in  various  RANGE  switch  positions,  and  check  your 
ability  to  determine  the  value  of  each  mark  on  the  meter  scales. 
Pill  in  the  correct  answer  in  the  appropriate  space  for  each  of  the 
following  items.   Number  one  is  completed  for  you. 


Range  Switch  Set  At  Value  Indicated 

1.  -5   -3L  

2.  2.5   

3.  10   

U.  50   

5.  250   

6.  500   

7.  1000   


Answers  to  Frame  15:    1.    b.    800V  DC       c.    UOOV  DC      d.    .1;V  DC 
2.    a.    1V  DC       b.    1;V  DC        c.    100V  DC        d.    .2V  DC 
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Fraae  18 

You  now  know  how  to  read  the  scales  and  its  values,  with  the  range 
switch  set  ia  any  of  the  ranges.    What  you  have  learned  will  be  true 
even  if  the  meter  is  measuring  AC  or  DC  voltage  or  current.    In  the  next 
few  frames  you  will  learn  how  to  set  the  meter  up  to  read  DC  volts,  AC 
volts,  DC  current  and  AC  current.    It  is  importart  that  you  know  the 
positions  of  the  three  switches,  so  you  can  tell  what  the  meter  is 
reading.    Ihe  switches  are:    Die  POLARIT/  switch  to  tell  if  you  are 
measuring  *  or  -  DC  or  AC  volts,  or  currents  the  FUNCTION  switch  to 
tell  if  you  are  measuring  voltage  (VOLTS  position),  resistance  (OHMS 
position),  or  current  (AMPS  position);  the  RANGE  switch  to  tell  you 
the  maximum  value  and  scale  to  be  used  for  the  readings. 

Place  a  checkmark  (✓)  beside  the  true  statement(s). 

1 .  To  measure  OHMS,  the  polarity  switch  would  be  on  either  DC 
position,  the  function  switch  to  OHMS,  and  the  range  switch 
to  appropriate  R  X  position. 

2.  To  measure  a  30  volt  battery,  the  polarity  switch ';/ould  be 
in  +DC,  the  FUNCTION  switch  to  VOLTS,  and  the  RANGE  striich 
to  R  X  1K/5C  position. 


Answers  to  Frame  16:  a.  0-2*5  b.  .05  c.  0-10  d.  .2 
e.  0-5  f.  1.  g.  0-2.5  h.  5.  i.  0-5  '  j.  10 
k.    0-10       1.  20 
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Frame  19 


t*en  you  want  to  read  DC  voltage  it  3  s  important  to  have  the  meter 
set  up  right.    The  FUNCTION  switch  set  to  VOLTS  (in  school,  20KW/V  posi- 
tion) $  the  POLARITT  switch  set  to  the  polarity  of  the  voltage  applied 
to  the  RED  test  lead;  (Note:    In  most  cases,  this  will  be  positive  and 
the  polarity  switch  will  be  set  at  t,DC+l!.)  the  RANGE  switch  will  be  set 
to  the  value  of  the  voltage  to  be  read.    For  example,  if  the  voltage  to 
be  read  is  8  volts  DC,  the  RANGE  switch  would  be  set  at  10.    It  is 
important  to  keep  in  mind  the  range  switch  sets  the  maximum  value  can 
read;  so,  set  the  RANGE  switch  above  the  value  to  be  read.    When  you 
want  to  read  an  unknown  voltage,  start  with  the  range  switch  at  the 
highest  value,    ftien,  turn  the  RANGE  switch  to  a  lower  setting  until 
the  meter  shows  a  voltage  value.    This  procedure  is  a  good  practice 
to  follow,  regardless  of  what  you  are  measuring. 

Fill  in  the  blanks  with  the  correct  switch  position.    For  practice, 
set  your  meter  up  to  measure  the  voltage  in  problem  number  one. 

1  •    If  you  knew  that  you  were  going  to  measure  approximately 

120  volts  DC,  the  RANGE  switch  would  be  set  at  , 

the  POLARITY  switch  set  at  DC+  and  the  FUNCTION  switch 
set  at 


2.    If  you  didnft  know  the  approximate  value  of  the  voltage 

that  you  were  measuring,  you  would  use  the   range 

first.  * 

3»   A  negative  voltage  polarity  is  applied  to  the  RED  test 
lead,  the  POLARITT  switch  would  be  set  at 


Answers  to  Frame  17:  2.  1.8£  3.  7.I1  1|.  37  £#  18S 
6.    370      7.  71*0 
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Frame  20 


When  you  use  a  voltmeter,  you  have  to  be  sure  the  readings  are 
as  true  as  you  can  get  then.    Always  choose  the  RANGE  switch  position 
which  will  cause  the  meter  needle  to  move  as  close  to  a  full  scale 
reading  as  you  can.    For  example,  you  could  read  2  volts  DC  on  the 
PSM-37  in  front  of  you  by  setting  the  RANGE  switch  on  1 0  and  read 
the  voltage  value  off  the  bottom  scale  (0-10).    But,  it  would  be 
better  if  you  set  the  RANGE  switch  to  2.5  and  read  the  voltage  on 
the  top  scale  (0-2.S).    By  doing  this,  you  can  get  more  needle 
deflection  than  if  you  had  set  the  RANGE  switch  on  10. 

Pill  in  the  blanks  with  the  correct  positions. 

1.  Look  at  the  meter  in  front  of  you.    If  you  were  going  to 
measure  approximately  300V,  you  would  have  to  set  the 
range  switch  at  to  get  the  most  accurate  reading. 

2.  If  you  wanted  to  accurately  measure  30V,  you  would  have  to 
set  the  range  switch  at  • 
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Frame  21 

1 .  Fill  in  the  correct  answers  in  the  appropriate  spaces  for 
the  meter  scales  shown  below.  The  FUNCTION  switch  is  set  at  VOLTS 
(20  KVV),  and  POLARITY  switch  is  set  at  DC+. 


TyrTTTjTrr 


2 
4 


1-5 

3 

6 


9 


Range  Switch  Setting  Indication 

a.  .5 

b.  2.5   

c.  10 

d.  50 

e.  250   

f.  500   

g.  1000 

2.    For  each  of  the  following  voltages,  indicate  on  the  blank, 
the  range  that  should  be 'used  to  obtain  the  most  accurate  readings. 

Vo1tage  Range  Switch  Setting 

a.  .15 

b.  1.5 


( 
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Frame  21  (Cont'd) 

c.  1$    ^ 

d.  1£0   

  ' 

e.  750    | 

I 


Answers  to  Frame  19:    1.    250,  VOLTS  (20  Kn/V)      2.    1000  (highest) 

3.  DC- 
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Frame  22 


Fill  in  the  correct  answer  in  the  appriopriate  spaces  for  each 
of  the  following  items.    The  FUNCTION  switch  is  set  at  volts  (20KVV) 
and  the  POLARITY  switch  is  set  at  DC+. 


m  1 1 1  it 


Range 

Switch 

1 . 

•5 

2. 

26 

3- 

10 

h. 

50 

$. 

250 

6. 

500 

7. 

1000 

Voltage  Indicated 


Answers  to  Frame  20:    1.    500        2.  $0 
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Frame  23 

Fill  in  the  correct  answer  in  the  appropriate  spaces  for  each 
of  the  following  items  (  the  FUNCTION  switch  is  set  at  volts  20»W) 
and  the  POLARITY  switch  at  DC+* 
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Frame  24 

When  you  test  for  the  voltage  of  a  DC  circuit  you  must  watch  the 
polarity  of  the  voltage  drop  before  you  place  the  test  leads  in  the  cir- 
cuit.   Once  you  know  the  polarity,  place  the  black  lead  of  the  voltmeter 
to  negative  and  the  red  lead  to  positive.    The  meter  must  be  connected 
across  (in  parallel  with)  the  component  being  measured,  as  shown  in  the 
diagram  below.    If  you  place  the  meter  or  leads  in  some  other  manner, 
you  will  have  a  wrong  reading.    Plus,  it  could  cause  damage  to  the  meter. 

Note:    Another  thing  that  is  Important  before  you  test  for  DC 
voltage,  is  that  you  should  have  your  PSM-37  set  up  for  the 
polarity  value  and  the  type  of  voltage  that  you  will  test. 


E*24V0C 


ei*«v 


-  BLACK 


The  voltmeter  is  connected  in  parallel  with  82. 

Select  the  correct  word  and  place  it  in  the  blank  space  to  complete 
statements  one,  two,  and  three.    For  item  four,  fill  in  the  blanks  with 
the  correct  position  of  the  switches. 


1 


2. 


3. 


When  using  the  PSM-37  as  a  voltmeter,  you  would  connect  the 

meter  in    (series/parallel)  with  the  voltage  to 

be  measured. 

If  the  meter  i3  connected  in  series  when  making  voltage 
checks,  the  readings  will  be    (accurate/inaccurate;. 

To  measure  the  voltage  E3  in  the  circuit  above,  the  red  lead 

will  be  placed  on  the    (right/left)  of  the  resistor 

and  the  black  lead  on  the  (other/same)  end  of  the 

resistor. 
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Frame  24  (Cont'd) 


4.      Set  your  PSM-37  to  measure  the  voltage  El  in  the  circuit 

above.    The  range  switch  position  is   ,  the 

polarity  switch  position  is   ,  and  the  function 

switch  is  set  at 


Answers  to  Frame  22:     1.     .16      2.     .8      3.     3.2      4.     16      5.  80 

6.  160  7.  320 
Answers  to  Frame  23:     1.     .08      2.     .4      3.     1.6      4.     8V      5.  40 

6.  80  7.  160 
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Frame  25 

You  have  now  taken  a  reading  at  TP-A.    The  procedures  will  be 
the  same  for  the  other  test  points.    However,  before  moving  your 
positive  lead  to  a  different  test  point,  set  the  RANGE  switch  back 
to  the  50  position.    Then,  work  down  to  the  most  accurate  range  for 
each  test  point. 


ERLC 


For  each  of  the  following  DC  VOLTAGE  test  points  indicate  on 
the  blank  the  amount  of  voltage  that  t:he  meter  is  reading. 


Position  Number  1 

A.    F. 

B.    G. 

C.    H. 

D.    I. 

E.    J. 


Check  your  answers  for  A-E  before  continuing  to  F. 

As  you  complete  each  of  the  following  steps  place  a  check  on 
the  blank  by  the  number  of  the  step. 

 1-      Turn  the  DC  VOLTAGE  SWITCH  on  the  voltage,  current,  and 

resistance  readings  trainer  to  the  "OFF"  position. 

 2-      Turn  both  the  TRAINER  POWER  PANEL  SWITCH  and  the  28V  DC 

POWER  PANEL  SWITCH  on  the  workbench  to  the  "OFF"  position. 


Turn  the  POLARITY  switch  on  your  PSM-37  to  the  "OFF"  position. 


Answers  to  Frame  24:    1.    parallel       2.    inaccurate       3.    left,  other 

U.    10,  DC+,  VOLTS 
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Frame  26 


When  you  use  the  PSM-37  to  measure  the  volts  in  an  AC  circuit  it 
is  used  the  same  way  as  for  DC  circuits.    Die  one  difference  is  you  do 
not  need  to  observe  polarity  since  AC  means  alternating  currents  a 
current  that  will  first  flow  in  one  direction  and  then  it  will  flow  in 
the  opposite  direction, 

lb  use  the  PSM-37  as  an  AC  voltmeter,  you  must  set  the  controls 
up  proper lyj  plus,  you  must  place  the  meter  in  parallel  with  the  voltage 
that  you  will  test. 


Place  a  checkmark  (v)  beside  the  true  statement(s) . 

1  •    You  must  observe  polarity  when  measuring  volts  in  an  AC  circuit. 

2.    An  anmeter  is  connected  in  series  to  measure  voltage  in  an 
AC  circuit. 


Meter  in  PARALLEL  TO 
measure  AC  voltage  drop 
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Frame  27 


The  way  that  you  read  AC  voltage  is  much  the  same  as  for  reading 
DC  volts.    The  only  change  is  that  you  set  the  POLARITY  switch  to  the 
AC  position.    You  see  that  the  POLARITY  switch  must  be  set  to  match 
the  type  of  voltage  or  current  that  you  will  measure.    Since  AC 
stands  for  alternating  current,  the  meter  leads  have  no  set  polarity 
while  measuring  AC. 

Place  the  correct  answer  in  the  spaces  for  the  following 
exercise.     For  practice,  set  your  meter  up  to  measure  the  voltage 
value  in  problem  number  one. 


1. 


To  measure  240  volts  AC,  turn  the  POLARITY  switch  to 

 ,  the  RANGE  switch  to  ,  the  FUNCTION 

switch  to 


scale. 


and  take  the  readings  from  the  0  to 


2. 


Use  the  meter  scale  below  to  complete  items  a  and  b 
your  meter  and  knowledge  to  complete  item  c. 


Use 


TTnTTJpTTT 


2 
4 


a.  Range  switch  at  50. 

b.  Range  switch  at  250. 

c.  Range  switch  at   


V  AC. 


Voltage  indicated  

Voltage  indicated   V  AC. 

Voltage  indicated  5.2V  AC. 


Answers  to  Frame  2$z 


a. 

1 .1^V 

f. 

OV 

b. 

20V 

g- 

11V 

c. 

9V 

h. 

3.6V 

d. 

2hV 

i . 

2.8V 

e- 

18V 

•  35V 
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Frame  28 

To  measure  current  flow,  the  meter  must  be  connected  in  series 
in  the  circuit.   When  you  connect  it  in  series  the  same  current  that 
flows  through  the  circuit  is  the  same  that  flows  through  the  PSM-37. 
Do  not  place  an  ammeter  in  parallel  to  measure  current.    If  you  do, 
the  meter  can  be  damaged  or  the  reading  you  take  will  be  inaccurate 
and  low.    lhe  circuit  below  shows  you  an  ammeter  that  is  properly 
placed  in  a  DC  circuit. 


c 


R3 
-vw- 


AMMETER         <  R2 


J 


-W\r 
Rl 


Place  *  checkmark  W  beside  the  true  statement(s). 


J  .    The  ammeter  must  be  connected  in  series  with  the  circuit 
component  being  checked. 

J2.    To  accurately  measure  current,  the  same  current  must  flow 
through  both  the  meter  and  the  circuit  component  being 
checked. 

^3.    If  the  PSM-37  is  connected  in  parallel  to  measure  current, 
the  readings  would  be  inaccurate  and  low. 


Answers  to  Frame  26:   

Answers  to  Frame  27:  1. 


AC,  250,  VOLTS,  2.5 

a.    26V  AC         b..;  130V  AC 
36 
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Frame  29 


Study  the  two  diagrams  for  a  few  moments  before  reading  the  rest 
of  this  frame. 


To  connect  an  ammeter  in  a  circuit  to  test  current  flow,  the 
circuit  must  be  broken.    Notice  in  circuit  A  that  there  is  a  point 
marked  AB.    In  circuit  B  this  point  has  been  separated  to  form  — 
points  "A"  and  "B".    Since  point  "A"  is  connected  to  the  plus  (+) 
post  of  the  battery  through  R3,  point  "A"  is  positive  (+)$  point  MB" 
is  connected  to  the  minus  (-)  post  of  the  battery  through  R1  and  R2 
so  it  is  negative  (-).    Remember,  this  circuit  has  DC  volts  applied. 
You  must  observe  the  polarity  of  the  points  to  which  the  meter  is 
connected. 

The  red  test  lead  will  be  connected  to  point  "A"  and  the  black 
test  lead  connected  to  point  UBW.    Hie  circuit  current  now  leaves 
the  minu3  side  of  the  battery,  goes  through  R1,  R2,  in  the  black 
lead,  through  the  meter,  out  the  red  lead,  through  R3  and  back  to 
the  plus  post  of  the  battery. 

Caution:    Turn  power  "off"  to  the  circuit  when  connecting  and 
dis connecting  an  ammeter  in  and  out  of  a  circuit. 
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Frame  29  (Cont'd) 

Place  the  correct  answer  in  the  blank  space  provided,  to  complete 
the  following  statement(s)* 

1.  Before  the  PSM-37  can  be  used  to  test  circuit  current,  the 

circuit  must  be    and  the  meter  placed  in  

with  the  circuit. 

2.  Set  your  PSM-37  up  to  measure  29  MA  DC. 
The  position  of  the  switches  are: 

a#    Range  switch  ^  ♦ 

b.    Function  switch  . 

c*    Polarity  switch  . 
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You  use  the  same  scales  to  read  current  as  you  used  to  read  volts* 
To  measure  EC  mllllainperes  (MA)  set  the  POLARITY  switch  to  th<* 
set  the  FUNCTION  switch  to  "MA/PULSE  MA",  and  set  the  RANGE  switch  to 
the  value  that  you  wish  to  measure-    Die  PSM-37  can  read  up  to  1000  MA 
which  is  the  same  as  one  ampere* 

PL11  in  the  correct  answer  in  the  appropriate  space  for  the  following 
items. 


1.    FUNCTION  switch  set  at  AMPS,  MA  position. 

a.    RANirE  switch  set  at  1,000.    Current  indication  is 


MA, 


b.    RANGE  switch  set  at  500.    Current  indication  is 


MA. 


c.    RANGE  switch  set  at  250.    Current  indication  i?  MA. 


d.    RANGE  switch  sot  at  10*    Current  indication  is  MA. 


Answers  to  ^rame  28 


39 


ERLC 


574 


Fraae  30  (Cont'd) 

2*   Set  your  meter  up  to  measure  22  MA  DC.  ^ 


t.    The  RANGE  switch  setting  is 


b.  The  POLARITY  switch  setting  is 

c.  The  FUNCTION  switch  setting  is 


40 


) 


ERIC 


56  f 

Frame  31 


Wc  stated  earlier  that  1,000  milliamps  is  equal  to  one  amp.  Thus, 
two  amps  is  equal  to  2,000  milliamps  and  .6  amp  is  equal  to  600  milli- 
amps*    Let's  see  why! 


2  amps  X  ^P00  "»    -    2,000  ma 
r  1  amp 


>6  ^    x  liPOOma    .  m 
1  amp 


Fill  in  the  blanks  with  the  correct  number. 

1.  6  mps  -   ma  4.5  amps  ■  _ 

2.  .1  amp  ■   ma  5.     .5  amp  ■   

3.  .25  amp  ■   ma  6.     .05  amp  ■   ma 


ma 


ma 


Answers 


to  Frame  29:    1.    broken,  series     2.    a-    50    b.    AMPS-MA    c.  DC+ 
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Frame  32 


In  the  last  frame  you  learned  how  to  convert  amps  to  milliamps, 
In  this  frame  you  will  learn  how  to -convert  milliamps  to  amps. 
For  example,  2,000  ma  is  equal  to  two  amps  and  600  ma  is  equal  to 
.6  amp.    Let's  see  why.' 

o  nnn         v    1  a°iP  2,000  0 

2'°°°  aaX1^00^a      "      lt000      "    2  ampS 

600  ma  X  -  -    .6  amp 

1,000  ma  1,000  ^ 


Fill  In  the  blanks  with  the  correct  nimber. 

1.  6,000  ma  -    a  4.      5,000  ma 

2.  100  ma  -  a  5.    500  ma  « 


3.      250  ma  -  a  6.    50  ma 


Answers  to  Frame  30:    1.    a.  hhCHk,    b. -22CMA,    c.  11CMA,    d.  h.h  MA. 

2.    a.  50    b.  DC+    c.  AMPS  MA. 
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Frame  33 


When  you  use  the  PSM-37  as  a  milliameter f  you  will  start  on  the 
highest  range  (1000)  of  the  RANGE  switch  and  work  the  switch  down  to 
the  most  accur^e  range.    You  should  always  push  in  on  the  PUSH  TO 
OPEN  and  RESET  button  when  you  change  the  RANGE  switch.    This  will 
cut  down  the  chance  of  harm  to  the  meter  when  measuring  current.  You 
should  note  that  the  most  accurate  reading  on  the  AC  &  DC  scale  will 
be  made  when  the  needle  moves  as  far  right  on  the  scale  as  it  can, 
and  still  not  go  past  the  end  of  the  scale. 

Fill  in  the  blanks  below  with  the  most  accurate  range  switch 
position  for  each  of  the  readings  given.    You  may  refer  to  your  PSM-37 
for  a  list  of  the  ranges. 

READINGS                     RANGE  READINGS  RANGE 

!•      40  ^    4.      225  MA 


2.      400  MA    5.      11  MA 


3*      4  MA    6.      600  MA 


Answers  to  Frame  31:    1.    6,000         |j.  5,000 

2.  100  5.  500 

3.  2?0  6.  50 
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The  difference  in  the  way  that  you  set  up  the  meter  for  measuring 
AC  current  rather  than  DC,  is  the  way  you  set  the  POLARITY  switch. 
To  read  AC,  the  POLARITY  switch  is  set  in  the  AC  position. 

Fill  in  the  blanks  with  the  correct  response. 

1.  Using  your  PSM-37,  set  the  controls  up  to  measure  150  MA  AC. 

a.  FUNCTION  switch  position  is   . 

b.  RANGE  switch  position  is   . 

c.  POLARITY  switch  position  is   . 

2.  Using  the  meter  scale  below  and  your  meter,  fill  in  the 
blanks  below  with  either  the  RANGE  switch  position  or  the  indicated 
MA  reading. 

a.  Range  switch  at  1,000.    Current  indication  is  _  MA. 

b.  Range  switch  at  500.    Current  indication  is   MA. 

c.  Range  switch  at   .    Current  indicated  is  110  MA. 

d.  Range  switch  at   .    Current  indicated  is  22  {iA. 


Answers  to  Frame  32:    1.    6,     2.    .1,     3.    .2$,  U. 

6>    6.  .0$ 

Answers  to  Frame  33:    1.    50    2.    500    3.    10    4.    250    5.    50    6.  1,000 
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The  PSM-37  meter  is  built  to  measure  many  OHMS  values.    A  look 
at  the  meter  in  front  of  you  shows  that  there  are  six  (6)  positions 
for  the  ohmmeter  function.    They  are  R  X  1,  R  X  10,  R  X  100,  R  X  IK, 
R  X  10K  and  R  X  100K.    To  measure  resistance ,  the  POLARITY  switch 
must  be  turned  to  one  of  the  DC  positions  (usually  DC+) ;  the  RANGE 
switch  must  be  set  to  one  of  the  six  positions  listed  above  and 
the  function  switch  must  be  set  on  OHMS.    The  OHMS  position  used 
in  this  block  will  be  the  STD  position.     (NOTE:    The  LP  position 
is  for  testing  low  power  devices  and  is  used  with  the  R  X  1  posi- 
tion of  the  RANGE  switch.)    To  measure  resistance  accurately,  the 
ohumeter  must  first  be  "zeroed".    You  zero  the  meter  by  touching  the 
ends  of  the  leads  together  with  the  meter  set  as  you  were  told  above. 
The  meter  needle  should  move  to  the  zero  end  of  the  ohms  scale. 
Note  that  the  OHMS  3cale  is  GREEN.     If  the  needle  does  not  go  all 
the  way  to  zero,  or  goes  past,  then  turn  the  OHMS  ADJ  knob.  Turn 
the  knob  to  bring  the  needle  in  line  over  the  "zero"  on  the  OHMS 
scale.    When  the  test  leads  are  separated  the  needle  should  go 
back  to  the  left  end  of  the  OHMS  scale,  over  the  infinity  («)  mark. 

Use  your  PSM-37  and  zero  the  ohmmeter  in  the  R  X  10  through 
R  X  100K  range  positions. 

Note:    The  PSM-37  meter  should  not  need  to  be  rezeroed  on  each 
of  the  RANGE  switch  positions.     Once  zeroed,  the  meter  should 
stay  zeroed  through  all  resistance  range  positions. 

If  your  meter  will  not  zero  on  any  of  the  ranges,  push  the  "Push 
to  Open  and  Reset"  button.     If  your  meter  still  will  not  zero,  ask 
your  instructor  for  help. 

Place  a  checkmark  (i^  beside  the  true  statement (s) 

 1.      With  the  function  switch  in  OHMS  STD  and  RANGE  switch  in 

R  X  1,  the  meter  can  be  zeroed  on  OHMS.     (Use  your  meter 
and  test  this  statement.) 

 2.      The  readings  are  taken  from  the  green  scale  of  the  PSM-37 

when  the  function  switch  is  in  the  OHMS  function. 

 3.      The  PSM-37  meter  needs  only  to  be  zeroed  when  you  first 

start  to  use  it  as  an  ohmmeter. 

 4.      The  zero  mark  for  OHMS  is  on  the  left  side  of  the  OHMS 

scale • 
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The  OHMS  (green)  scale  is  probably  the  most  easy  to  read.  The 
value  of  each  mark  on  the  scale  stays  the  same  for  each  position  of 
the  RANGE  switch.    For  example,  the  numbers  on  the  OHMS  scale  will 
always  be  the  same  value;  5,  10,  20,  30,  and  so  on.    The  range 
switch  is  what  determines  what  you  multiply  these  numbers  by  to 
get  the  resistance  reading  of  what  you  are  measuring.    This  will  be 
covered  in  the  next  frame. 

You  will  not  have  much  trouble  with  reading  the  meter  when  the 
meter's  needle  comes  to  rest  on  one  of  the  larger  marks  which  are 
numbered,  or  when  the  needle  comes  to  rest  halfway  between  any  two 
numbered  marks.    The  hard  part  comes  when  the  needle  comes  to  rest 
on  a  small  mark  or  between  small  marks.    To  find  the  small  mark 
values  follow  these  steps: 

1.  First  step,  note  the  two  numbered  values  which  the  needle 
is  resting  between. 

2.  Subtract  the  smaller  value  from  the  larger  value. 

3.  Count  the  number  of  divisions  (blank  spaces)  between  the 
two  numbers. 

4.  Divide  the  value  you  got  in  step  two  by  the  number  of 
divisions  counted  in  step  three. 

5.  You  now  have  the  value  of  one  division  on  the  scale  you 
are  using. 

6.  Add  up  the  number  of  divisions  your  needle  is  from  the 
lowest  value  you  noted  in  step  one. 

7.  The  last  step  is  to  add  the  total  value  of  the  summed 
divisions  in  step  six  to  the  lowest  number  value  to  get  the  proper 
reading • 

As  an  example  of  the  procedure  outlined  above,  we  will  go  through  the 
complete  procedure  for  the  value  indicated  by  pointer  A  in  the  figure 
on  the  next  page* 


Answers  to  Frame  34:     1.     a.    AMPS-MA       b.     250        c.  AC 


> 


> 


2. 


a. 


440  MA 


b. 


220  MA 


c. 


250 


d. 


50 
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Frame  36  (Cont'd) 

OHMS 


1*  Needle  is  resting  between  30  and  50* 

2.  Subtract  30  from  50  you  get  20. 

3.  Count  10  divisions  between  30  and  50. 

4.  Divide  20  (from  step  2)  by  10  to  get  2, 

5.  One  division  is  equal  to  2. 

6.  The  lowest  value  is  30  and  the  needle  is  four  divisions 
to  left  of  this  value. 

7.  Multiply  4  times  2  to  get  8;  add  8  to  30  to  get  38. 

Using  the  figure  above,  complete  the  following  by  filling  in 
the  blank  with  the  correct  response. 

1.  Needle  B  is  indicating  

2.  Needle  C  is  indicating   

3.  Each  division  mark  between  20  and  30  is  equal  to   

4.  Each  division  mark  between  50  and  100  is  equal  to   
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Frame  37 


The  illustration  below  shows  the  ohmneter  scale  of  the  PSM-37. 
When  measuring  resistance  in  the  R  X  1  range,  it  is  read  just  as 
1b  shown  by  the  needle  on  the  OHMS  scale.    With  the  RANGE  switch 
in  any  of  the  other  R  X  positions  you  would  multiply  the  resistance 
reading  (R)  times  the  number  at  the  R  X  position. 

Example:    In  the  R  X  10  position  the  needle  stops  at  the  30 
mark  on  the  OHMS  scale.    You  would  take  30  times  10.    The  ohmic 
value  you  have  measured  is  300  ohms.    In  the  R  X  100  position  it 
would  be  30  times  100,  which  equals  3000  ohms. 

What  resistance  is  indicated  in  each  of  the  ohmneter  scales 
below? 

1.      R  X  10  -  


OHMS 
*0  20 


to 
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OHMS 
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Frame  37  (Cont) 

) 

U.   R  X  1  "  


OHMS 


> 


50 
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Frame  38 

The  range  to  be  used  in  aeasuriag  a:-y  resistance  Aiil  y».a  do 
not  know  depends  on  the  ohmic  value  or  the  nnkaown  re  istanc*.  Let 
us  say  that  the  K  X  1  range  of  the  PSM-37  Is  being  used  and  th«t  the 
unknown  resistance  that  you  have  ic  nore  than  2,000  ohus.     in  this 
case  the  resistance  is  too  great  to  uove  the  pointer  away  from 
infinity  (») .    The  RAHCE  switch  would  then  have  co  bt  set  to  the 
R  X  10  position.    If  this  was  done  and  the  needle  still  did  nor  wove 
then  you  would  have  ro  use  the  R  X  100  range,  and  so  on.     If  u),e 
needle  still  does  not  movu  when  you  use  the  R  X  10K  range,  you  have 
a  resistance  that  is  too  high  to  measure  vith  the  PSM-37      "his  is 
commonly  referred  to  as  an  infinite  amount  of  resistance  and  is 
represented  by  "«". 

Note:    To  be  sure  no  problem  exists  vith  the  metrr,  ch.-ck 
to  see  if  the  racta.-  will  zero  in  all  resistance  range 
positions. 

Flaro  a  checkmark  (✓)  beside  Jie  %rue  statements ). 
 1.      A  resistance  reading  of  »  ls  £he  a,;  0„£  ot  -  J(J<nS 


_2.     When  testing  resistance,  if  the  needle  of  the  ohms*, 
doesn  t  move,  ir  is  indicating  in-inity  (-) . 


a: 


An:ve"s  to  rrane  36:    I.    ]h       t\  Ac 
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Frame  39 

When  you  use  the  PSM-37  to  check  ohms,  set  the  RANGE  switch  to 
a  position  where  the  needle  rests  in  the  wide  green  area  of  the  OHMS 
scale*    Try  not  to  take  the  readings  from  any  other  part  of  the  scale, 
if  it  is  possible*   We  need  to  do  this  because  the  ohmmeter  is  less 
accurate  from  0  to  $  and  60  to  oo  •    In  example  A,  a  resistor  with 
an  ohmic  value  of  360  ohms  is  being  measure  with  the  range  switch 
in  the  R  X  1  range •    Hie  meter  needle  is  between  the  300  to  I|00  marks, 
a  difference  of  100  ohms*    Since  the  operator  is  forced  to  guess  at 
the  reading,  a  large  margin  for  error  can  exist. 


OHMS 
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Frame  39  (Cont'd) 


Example  B  shows  the  same  resistance  measured  using  the  R  X  10 
range.    Even  though  the  operator  must  multiply  the  scale  reading 
by  10,  the  reading  is  more  accurate  because  each  mark  in  this  area 
of  the  scale  is  20  ohms  (marks  are  2  points  each  times  10,  equals 
20).    Then,  the  margin  for  error  is  reduced. 


OHMS 
30  20 


10 
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Frame  39  (Cont'd) 


Example  C  shows  a  36C  ohm  resistance  reading  on  the  R  X  100 
range.    In  this  case  you  must  multiply  the  scale  reading  by  100. 
The  measurement  is  less  accurate  than'B  because  each  mark  is  worth 
$0  ohms  (.5  X  100  equals  50).    The  margin  for  error  is  increased. 


OHMS 


30 


20 


ftO 


10 


\0° 
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Frame  39  (Cont'd) 


Study  the  ohmmeter  scales  shown  below.    Find  out  if  the  resistance 
is  being  read  by  the  most  accurate  range.    If  the  right  range  is  used 
write  "OK"  in  the  blank  next  to  that  scale.    If  the  right  range  is  not 
used,  write  the  range  which  should  be  used. 

1 .    I|80  ohms,  R  I  1  range   . 


OHMS 


30 


20 


60 


10 


\0° 
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2.    2$  ohms,  R  X  10  range   

OHMS 


3.    2l*0  ohms,  R  X  10  range 


OHMS 
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Frame  39  (Cont'd) 


l*.    2200  ohms,  R  I  100 


OHMS 


30 

*\au\\\UlLLL 

20 

Answers  to  Frame  37 :    1.    150  2.    1*20,000  3.  8,500 

U.  60 
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There  is  an  important  safety  precaution  that  you  must  follow  when  you 
use  the  ohmneter  functions  of  the  PSM-37.    Do  not  hook  an  ohmmeter  to  a  live 
circuit  (one  that  has  power  applied);  be  sure  that  no  power  is  applied  to  the 
circuit.    The  parts  in  the  meter  need  very  little  current  to  work.    They  could 
be  easily  damaged  if  the  meter  were  to  be  hooked  to  a  live  circuit.    There  is 
a  small  battery  in  the  PSM-37  that  gives  us  the  current  required  to  operate 
the  meter  in  the  ohms  function.    Another  thing  to  remember  is  that  the  ohm- 
meter  must  be  "zeroed"  before  you  make  your  first  ohms  test.    Think  back;  to 
zero  the  meter  you  first  set  the  multimeter  up  for  measuring  resistance.  The 
POLARITY  switch  should  be  set  on  DC+,  the  FUNCTION  switch  should  be  set  on 
OHMS-STD,  and  the  RANGE  switch  on  RX10.    Touch  the  wo  lead  tips  together • 
The  needle  should  move  to  the  right  and  zero  over  the  0  on  the  ohms  scale. 
If  it  does  not,  turn  the  ohms  ADJ  knob  until  it  does.    If  the  needle  does  not 
move  at  all,  press  the  "push  to  Open  and  Reset"  button.    If  it  still  will  not 
zero,  ask  the  instructor  for  assistance. 


Place  a  checkmark  (vO  beside  the  true  statement (s) . 

1 .  The  ohrameter  function  of  the  PSM-37  requires  current  from  the 
circuit  being  checked  to  operate. 

2.  The  ohmmeter  is  zeroed  before  use  to  insure  accuracy. 


3.     If  the  pointer  can  not  be  adjusted  to  zero  on  the  ohms  scale,  this 
means  that  the  internal  battery  is  weak. 

Check  the  correct  answer. 

U.     If  an  ohmmeter  is  connected  to  a  circuit  with  power  on,  which  of 
the  following  would  most  likely  occur? 


The  reading  would  be  accurate. 


The  circuit  would  be  damaged. 


The  ohmmeter  would  be  damaged. 


Answers  to  Frame  38: 
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After  the  ohms  adj  knob  has  been  adjusted,  the  needle  should  stop 
at  "O11.    Hiis  means  that  here  is  no  resistance  to  current  flow*  Keep 
in  mind  that  the  meter  lead  tips  must  be  touching  each  other  or  be  in 
contact  with  a  common  conductor.    If  the  needle  stops  to  the  left  of 
"0",  there  is  seme  opposition  to  the  flow  of  current.    If  the  needle 
only  moves  part  of  the  way  toward  "O",  there  is  resistance  being 
measured.    If  the  needle  does  not  move  at  all,  a  great  (infinite 
°°)  amount  of  opposition  to  the  flow  of  current  is  present.    We  refer 
to  each  of  these  conditions  by  different  terms.    First,  a  "0" 
reading  means  that  there  is  continuity  (no  resistance),  in  the 
circuit.    A  reading  which  will  cause  the  needle  to  move,  but  to 
stop  short  of  "O",  means  that  there  is  resistance  in  the  circuit. 
If  the  needle  does  not  move  at  all,  an  open  circuit  is  indicated, 
or  the  meter  is  at  infinity  "oo"  and  the  resistance  is  either  too  large 
to  be  measured  on  that  scale,  or  by  that  meter. 

Place  a  checkmark  (  /)  beside  the  true  statement(s). 
 )•    Continuity  refers  to  the  amount  of  resistance  in  an  open  circuit. 

2*    A  resistance  that  is  too  large  to  measure  is  referred  to  as 
infinity. 

 3*    When  the  pointer  is  reading  a  value  other  than  "0",  this  means 

some  resistance  is  present  in  the  component  being  checked. 


Answers  to  Frame  39:    1.    R  X  10       2.    R  X  1       3.    OK       1*.  OK 
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The  figure  shows  one  test  lead  is  placed  to  one  side  of  the  resistor. 
The  other  lead  is  placed  to  the  other  side  of  the  resistor.    When  you 
make  a  resistance  check  on  a  component  of  a  circuit,  the  component 
must  be  isolated  (disconnected)  from  the  rest  of  the  circuit.  This 
can  be  done  in  three  ways:    First,  totally  remove  the  resistor  and  test 
it  out  of  the  circuit;  second,  disconnect  one  end  of  the  component  to  be 
tested  from  the  circuit;  third,  is  to  take  out  the  wire  (conductor) 
leading  up  to  one  end  of  the  component  that  you  will  test.     In  all  three 
cases,  the  battery  power  from  the  meter  will  only  have  one  path  to  flow 
through;  that  is,  through  the  component  being  tested.     If  you  do  not 
isolate  the  part  being  checked,  your  ohms  reading  will  be  inaccurate. 


The  component  being  checked  with  an  ohmmeter  does  not  have 
to  be  isolated  from  the  rest  of  the  circuit. 

The  ohnmeter  must  never  be  used  to  check  the  resistance  of 
a  circuit  that  has  power  on  it. 

The  manner  in  which  the  ohmmeter  is  connected  to  the  com- 
ponent being  checked  is  similar  to  the  way  the  voltmeter  is 
connected. 


Place  a  checkmark  beside  the  true  statement (s) . 


y 


Answers  to 


Frame  40 : 


1. 
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Frame  43 


If  you  check  a  high  ohms  resistor  on  a  low  R  X  range,    the  needle 
may  not  move  off  ,,c°  "  mark.    Turn  the  range  switch  up  range  until  the 
needle  stops  in  the  wide  green  area  of  the  OHMS  scale.    Then  take 
the  reading  times  (X)  the  range  switch  position.    This  will  give  you 
th9  value  of  the  resistor  under  test.    With  the  range  switch  in  a 
high  RX  position  and  meter  leads  hooked  to  a  low  ohms  resistor, 
the  needle  may  move  to  "0".    In  this  case,  turn  the  range  switch 
down  range.    When  the  needle  stops  between  the  5  and  60  of  the  ohms 
scale,  take  the  reading.    Multiply  the  reading  times  the  range  posi- 
tion to  get  the  value  of  the  resistor. 

Place  a  checkmark  ( </)  beside  the  true  statement(s). 

 1 .    With  the  ohmmeter  on  RX  100  and  connected  to  a  10  ohm 

resistor,  the  needle  will  not  move  off  ,,0°"  mark. 

 2.    With  the  PSM-37  set  up  on  the  R  X  1  range  and  connected 

to  a  2^00  ohms  resistor,  the  needle  will  move  to  2$  on 
the  ohms  scale. 


Answers  to  Frame  41: 
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Frame  44 


In  this  frame  you  will  be  given  one  of  the  two  meter  faces  shown 
and  the  position  of  the  polarity,  function,  and  range  switches.  You 
will  be  required  to  provide  the  proper  reading  of  the  meter. 


OHMS 


30  1 

20 

ilUUfliJ, 

m 

TTrrnfrrj: 

1.5 

i 

4 

A.C. 

&  D.C. 

10 


8 


Meter  HI. 
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Frame  44  (Cont'd) 

Fill  in  "the  blanks  with  the  proper  meter  readings.    Be  sure  to 

use  the  meter  referred  to  for  each  of  the  control  settings.  PLUS, 

indicate  in  your  answer  if  the  value  is  V  DC,  V  AC,  MA  DC,  MA  AC.  or 
OHMS.  '  ' 

PROPER 
READING 


METER 
NUMBER 

FUNCTION  Sw 
SETTING 

RANGE  Sw 
SETTING 

POLARITY  Sw 
SETTING 

1  . 

1 

VOLTS 

50 

DC+ 

2. 

2 

VOLTS 

250 

AC 

3. 

2 

OHMS-SID 

R  X  100 

DC+ 

u. 

1 

VOLTS 

10 

AC 

5. 

2 

VOLTS 

.5 

AC 

6. 

1 

OHMS-SID 

R  X  1K 

DC+ 

7. 

1 

AMPS-MA 

50 

AC 

8. 

2 

VOLTS 

2.5 

AC 

9. 

1 

OHMS-LP 

R  X  1 

DC+ 

10. 

2 

AMPS-MA 

10 

AC 

11. 

2 

OHMS-SID 

R  X  10 

DC+ 

12. 

1 

AMPS-MA 

250 

DC+ 

23V  DC 


Answers  to  Frame  42:  1.  /    2.  /  3. 
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Frame  45 

Biis  frame  summarizes  the  safety  precautions  that  must  be  observed 
when  using  the  PSM-37  to  test  circuits. 

1.  The  PSM-37  should  never  be  handled  carelessly*    Aside  from 
being  expensive,  it  is  sensitive  and  delicate.    Don't  abuse  it. 

2.  When  measuring  voltage  and  current,  start  your  check  with 
the  range  switch  set  on  "1000".    Then  move  it  to  a  lower  setting  if 
necessary.    B>en  turn  it  to  a  range  higher  than  that  applied  to  the 
circuit  after  making  the  check.    Hiis  way  the  meter  will  be  ready 
for  the  next  check. 

3.  Never  connect  the  ohmmeter  to  a  circuit  that  has  power  on 

it. 

ii.    When  used  as  a  voltmeter,  connect  it  in  parallel"  with  the 
voltage  drop  being  checked. 

5.  When  measuring  DC  voltage  and  current,  be  sure  to  observe 
polarity  when  connecting  the  meter  to  the  circuit.    Note  if  the  meter 
needle  moves  left  on  the  scale,  either  reverse  meter  leads  on  the 
circuit  or  turn  the  polarity  switch  to  the  other  DC  position. 

6.  When  used  as  an  ammeter,  connect  it  in  "series"  with  the 
portion  of  the  circuit  being  checked. 

7.  Before  connecting  the  meter  to  a  circuit,  make  sure  it  is 
set  up  for  the  values  to  be  measured.    (AC  or  DC  volts  and  amps,  or 
ohms) 

8.  Periodically  check  the  strength  of  the  internal  battery. 
Accomplish  this  by  zeroing  the  ohmmeter  on  each  of  the  range  switch 
settings.    If  it  does  not  zero  on  all  settings,  the  battery  needs  to 
be  replaced. 

9.  Store  the  meter  with  the  switches  in  the  following  positions: 
POLARITY  switch  "OFF",  RANffi  switch  "1,000",  and  FUNCTION  switch  VOLTS 
20  RYV.    Biese  positions  give  the  meter  some  protection  if  the  next 
person  forgets  to  check  the  meter  before  placing  it  in  a  circuit. 

NO  RESPONSE  REQUIRED,  GO  ON  TO  THE  NETT  FRAME. 


Answers  to  Frame  43:  1.  2. 
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Frame  46 


Complete  the  following  statements  by  entering  the  missing  vord(s) 
on  the  blank  spaces  provided. 

1.  When  using  the  PSM-37  to  measure  a  voltage  of  34  volts  DC, 

you  will  set  the  function  selector  to  the  (a)   

position,  the  range  switch  to  the  (b)    position, 

and  the  polarity  switch  to  the  (c)   position. 

The  reading  will  be  taken  from  the  0  to  (d)   

scale* 

2.  When  using  the  PSM-37  to  measure  .008  amps  DC,  you  will 

move  the  function  switch  to  (a)   ,  polarity  switch 

to  (b)   ,  and  range  switch  to  (c)   . 

The  reading  will  be  taken  from  the  0  to  (d)   scale, 

3.  When  measuring  210  volts  AC,  you  will  move  the  function 
switch  to  the  (a)   position,  polarity  switch  to 


v 


our 


(b)   ,  and  range  switch  to  (c) 

readings  will  be  taken  from  the  0  to  (d)    scale. 

4.      When  using  the  PSM-37  as  an  ohnmeter  you  will  take  the 

readings  from  the  (a)    (color)  scale.    The  function 

switch  roust  be  set  to  the  (b)   position  when 

making  resistance  checks.    Now  assume  you  are  checking  a 
resistor;  you  have  the  range  switch  set  to  R  X  IK  and  the 
pointer  stops  at  21  on  the  OHMS  scale.    The  reading  of  21 

is  multiplied  by  (c)   and  the  value  of  the 

resistor  is  (d)   ohms. 

Place  a  MTM  in  the  blank  space  beside  each  true  statement. 

_5.      The  ohnmeter  readings  will  be  most  accurate  when  the  readings 
are  taken  when  the  pointer  is  stopped  in  the  wide  green  area 
of  the  ohms  scale. 

_6.      When  measuring  voltage,  the  meter  must  be  connected  in  series 
with  the  component  being  checked. 

_7.      If  the  ohnmeter  is  not  "zeroed"  properly,  you  will  get 
inaccurate  readings. 

JJ.  A  DC  ammeter  must  be  connected  in  series  with  the  component 
being  checked  and  you  must  observe  polarity  when  connecting 
the  leads. 


65 


ERLC 


( 


Sty 


Frame  46  (Cont'd) 


Match  the  items  in  the  right-hand  column  to  their  correct  stAerant 
in  the  left-hand  column.    Enter  your  letter  answers  in  the  space  provided. 


9»    An  indication  of  zero  ohms. 

 10.    Determine  whether  the  meter 

measures  ohms,  volts  or 
milliamps. 

 11.    Is  always  oomected  to  the 

positive  point  of  a  DC 
circuit. 

12.    An  immeasurable  large 
resistance. 

13*    Provides  current  in  the 
ohms  function  only. 

1U.    Used  to  make  the  pointer 
of  the  ohmmeter  read 
exactly  "O". 

15.  Used  to  measure  AC  and  DC 
current  and  voltage,  plus 
resistance. 

 16.    Is  always  connected  to  the 

negative  point  of  the 
circuit. 

17.    Determines  the  meters 
maximum  voltages  and 
current  or  multiplier 
for  resistance  readings. 

 18.    Protects  the  mete;*  from 

overload  and  can  be  used 
to  break  the  input  circuit 
to  the  meter. 


A.  Black  test  lead 

B.  Press  to  Open  and 
Reset  Button 

C.  Continuity 

D.  PSM-37 

E.  Red  test  lead 

F.  Rar^e  switch 

G.  External  switch 

H.  Function  switch 

I.  Internal  battery 
J.  Infinity 

K.  Ohms  Adj  knob 

L.  Red  indicator 
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Frane  46  (Cont'd) 


19.      The  function  switch  is  set  on  VOLTS  and  the  polarity  switch 
is  on  AC.    Use  the  meter  face  below  to  obtain  the  readings 
for  the  range  switch  positions  given  in  the  chart  below 
the  meter  face. 


.i 

10 

80 

280 

|  MEAOMtS 

20.      The  function  switch  is  set  to  AMPS-MA  and  the  polarity 

•witch  is  set  to  DC+.    Use  the  meter  face  below  to  obtain 
the  readings  for  the  range  switch  position  given  in  the 
chart  below  the  meter  face. 


ftANtt  iW.-*- 

2J 

10 

800 

1000 

MADINtS 

67 
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Frame  46  (Cont'd) 


21  •    Ihe  function  switch  is  set  to  ohms  and  the  polarity  switch  to  DC+. 
Use  the  meter  face  below  to  obtain  the  readings  for  the  range 
switch  positions  given  in  the  chart  below  the  meter  face.  Enter 
pointer  A  readings  in  line  one  and  pointer  B  in  line  two. 


OHMS 


30  M 

tttti ' ' fr 

\ 

».5 

1 

3 

4 

8 

A.C.  1 

DC. 

10 


fUMtC  SW.  — ♦> 

RXIO 

RXIK 

rxiooi; 

POWTCH  "A" 

22.    Using  the  illustration  of  the  complete  PSM-37  meter  on 
the  next  page,  match  the  names  of  the  controls  anc  scales  in  Column  A 
with  the  letter  that  corresponds  to  that  item  from  the  illustration. 
Place  your  letter  answers  in  the  space  provided  in  Column  B. 


Column  A 

a.  Overload 

b.  Polarity  switch 

c.  Function  switch 

d.  Ohms  -  Adj 

e.  Ohms  (Green) 

f .  AC  4  DC 

g.  Push  to  Open  and  Reset 

h.  Test  Jacks 

i.  Range  switch 


Column  B 


68 


ERLC 


603 


Frame  46  (Cont'd) 


22.    Continued,    This  illustration  is  to  be  used  in  conjunction 
with  item  22*  matching  exercise  of  mater  controls  and  scales. 
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inswero  to  Rrame  44:    23V  DC     2.    190V  AC     3.    6#»n    U.    U.6V  AC 
5.    .37V  AC     6.    2U,000a  7.    23  MA  AC     8.    1 ,9V  AC     9.  2ksx 
10.    7.UMAAC     11.    6^A     12.    1 1  ^  MA  DC 
Answers  to  Frame  46 : 


1. 

(A) 

Volts 

3. 

(A) 

Volts 

(B) 

50 

(B) 

AC 

(C) 

DC+ 

(C) 

250 

(D) 

5 

<D) 

2.5 

2. 

(A) 

AMPS -MA 

4. 

(A) 

Green 

(B) 

DC+ 

(B) 

Ohms 

(C) 

10 

(C) 

1000 

(D) 

10 

(D) 

21,000 

5. 

T 

7. 

T 

6. 

P 

8. 

T 

9. 

C 

14. 

K 

10. 

H 

15. 

D 

11. 

E 

16. 

A 

12. 

J 

17. 

F 

13. 

I 

18. 

B 

> 
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Answers  to  Frame  46  (Cont'd) 


.5 

10 

50 

250 

J28VAC 

5.6VAC 

28VDC 

I40VAC 

2.5 

10 

500 

1000 

I.7MA  DC 

5.8  MA  DC 

340 MA  DC 

680  MA  DC 

0X10 

RXIK 

RXOOK 

170 

17.000 

1,700,000 

75 

7600 

750,000 

a. 

I 

f. 

6 

b. 

0 

g- 

H 

c. 

D 

h. 

E 

d, 

C 

i. 

F 

e. 

A 

If  you  missed  any  of  these  items,  turn  to  the  part(s)  of  this 
PT  which  covered  the  item  tested.    If  you  still  do  not  fully  under- 
stand that  item,  ask  your  instructor  for  assistance.    You  should 
now  be  ready  to  test  on  this  Programmed  Text. 
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MEASURING  TOOLS 


OBJECTIVES 


After  completing  this  study  guide  and  your  classroom  instruction, 
you  will  be  able  to  measure  propeller  blade  angles  and  trace  electrical 
circuits  using  measuring  tools. 


Aircraft  and  propeller  manufacturers  have  designed  special  tools  for 
use  in  the  maintenance  of  their  equipment*    Expensive  precision  tools  are 
required  when  working  on  parts  of  the  aircraft  and  propeller.    A  knowledge 
of  handling  and  using  these  tools  will  greatly  assist  you  in  doing  your 


The  tools  discussed  in  this  study  guide  are  classified  as  measuring 
tools*    Each  type  has  its  special  characteristics  and  purposes  and  should 
be  used  accordingly. 


The  propeller  universal  protractor  and  multimeter  are  used  on  the 
propeller  assembly  to  measure  propeller  blade  angles  and  troubleshoot 
the  electrical  systems. 


The  universal  protractor  is  used  by  the  propeller  repairman  to  measure 
the  angle  of  propeller  blades*    This  is  done  either  on  the  aircraft  or  in 
the  shop.    See  figure  1*    The  protractor  consists  of  an  aluminum  frame  in 
which  is  mounted  a  steel  ring  and  a  disc.    On  the  disc  is  the  main  or 
"whole  degree"  scale;  and  on  the  ring  is  the  vernier  or  "fractional  degree" 
scale.    The  ring  and  disc  can  be  adjusted  by  using  two  adjusting  knobs. 
In  Che  upper  right  hand  corner  of  the  frame  is  the  ring  adjusting  knob. 
When  this  knob  is  turned*  the  ring  will  rotate.    The  disc  adjusting  knob 
is  located  on  the  ring*    Turning  this  knob  will  rotate  the  disc.  Two 
locks  are  also  provLded  on  the  protractor;  one  is  the  disc  to  ring  lock* 
the  other  is  the  ring  to  frame  lock.    The  disc  to  ring  lock  is  located  on 
the  ring.    It  is  a  spring- loaded  lock  pin.    When  the  zeros  on  the  disc 
and  ring  are  alined*  the  pin  engages  and  locks  the  disc  and  ring  together. 
To  unlock  the  disc  and  ring*  the  pin  can  be  lifted  up  and  rotated  90 
degrees.    It  will  then  remain  in  the  raised,  unlocked  position.    The  ring- 
to-frame  lock  is  a  tightening  screw.    When  the  ring  is  locked  to  the  frame, 
and  the  disc  to  ring  lock  is  released,  the  disc  can  be  adjusted  independently. 
TWo  spirit  levels  are  located  on  the  protractor  to  enable  the  instrument  to 
be  leveled  on  two  different  axes. 
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INTRODUCTION 
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INFORMATION 


UNIVERSAL  PROTRACTOR 


Designed  for  ATC  Course  Use.  ^^>f  Not  Use  on  the  Job 
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Figure  2.    Universal  Protractor. 

The  graduations  of  the  "whole  degree"  scale  on  the  disc  are  in 
degrees.    The  graduations  on  the  vernier  scale  represent  tenths  of  a 
degree. 


;  MAOMTt*  ; 
;wN)fCTlOj,  Twf  I 


Figure  2.    Protractor  Reading. 

The  protractor  Is  road  by  determining  which  graduation  mark  on  the 
dim*  In  alined  with  tin*,  zero  on  iho  ring.    This  will  bo  the  degree  of  blade 
angle.     KJgure  2  nIuiwn  the  zero  un  Lho  ring  La  located  between  15°  and  16°. 

To  read  letilliH  of  a  degree,  determine  which  graduation  on  the  ring 
aline*!  with  a  graduation  on  the  disc.     Tenths  of  a  degree  are  read  on  the 
ring.    Figure  2  shews  the  8  tenths  graduation  to  be  best  alined.    If  the 
dim-  is  read  t  rem  right  to  left,  the  ring  will  also  be  read  from  right  to 
It'll,  beginning  at  the  zero.     The  ring  is  always  read  in  the  sam<: 
dltvetion  as*  the  disc  was  read. 


608 


MULTIMETER 


Tliti  multimeter  is  an  Instrument  used  to  check  electrical  circuits. 
It  is  capable  of  performing  three  different  tasks.     It  can  be  used  as  a 
voltmeter  to  measure  the  voltage  in  a  circuit;  it  can  be  used  as  an  ohra- 
mcter  to  measure  resistance  of  a  circuit;  or  it  can  be  used  as  an  ammeter 
to  measure  the  amount  of  current  flowing  in  a  circuit. 

As  a  propeller  repairman,  you  must  know  how  to  use  and  read  the  mult 
meter.    This  will  enable  you  to  check  and  troubleshoot  the  electrical 
circuits  that  control  the  propellers. 


o  o  o 


Fujux%c  o.  Multimeter. 

hi  this  study  guide,  you  will  study  the  operation  of  each  function 
Hi't»arii!Hv,  hul.  remember  this  is  one  instrument.     Figure  3  shows  the  jacks 
whlrh  Is  where  t  ho  test  leads  are  plugged  in.     The  selector  switch  deter- 
mine wlu»llu»r  the  multimeter  will  operate  as  a  voltmeter,  ohmmeter  or 
mwN'ter.     iTIio  MA  marked  on  the  Jacks  on  the  right  side  of  the  meter, 
st mills  tor  ml  I  I  lamps,  or  one  thousandth  of  an  amp.) 
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The  zero  adjusting  knob  is  used  only  when  the  meter  is  functioning 
as  an  ohmmeter.    It  is  used  to  set  the  meter  dial  on  zero.    This  will 
insure  an  accurate  reading  each  time  the  instrument  is  used* 

Now,  suppose  you  want  to  use  the  multimeter  as  a  voltmeter,  and  you 
want  to  measure  the  aircraft  voltage  in  a  28  volt  DC  circuit.    You  would 
first  position  the  selector  switch  to  DCV,  direct  current  voltage.  Next, 
you  would  insert  the  small  end  of  the  black  test  lead  in  the  top  jack  on 
the  right  side  of  the  meter.    This  is  "common"  to  all  operations  of  this 
instrument.    The  red  test  lead  would  then  be  plugged  into  the  40V  jack  on 
the  left  side  of  the  instrument.    The  multimeter  is  now  ready  to  perform 
as  a  voltmeter  having  a  range  of  from  0-40V  DC.    Now,  you  must  locate  a 
point  in  the  circuit  that  is  not  insulated,  such  as  a  terminal,  or  a 
connector.    The  red  test  lead  is  placed  on  this  bare  portion  of  the  circuit- 
With  the  black  lead  grounded  (touching  the  aircraft  itself)  the  meter  dial 
pointer  will  deflect  to  the  right  until  it  points  to  28V  DC.    This  is  .read 
on  the  middle  scale  of  the  meter  dial. 

The  40V  jack  was  selected  because  28V  was  the  voltage  to  be  measured. 
By  using  a  jack  that  allows  the  voltage  range  to  be  greater  than  that  to 
be  measured,  the  meter  movement  will  not  be  damaged.     If  the  voltage  to  be 
measured  is  unknown,  always  start  with  the  highest  range  jack.    Then  work 
down  until  a  reading  is  obtained  approximately  midrange  on  the  meter  dial. 

The  ohmmeter  is  used  to  measure  resistance  in  an  electrical  circuit. 
To  enable  the  multimeter  to  operate  as  an  ohmmeter,  you  must  position  the 
selector  switch  to  "Ohms."    Place  one  test  lead  in  the  jack  marked  "ohms, 
ACV,  DCV,  MA,"  and  the  other  test  lead  in  the  "RXl"  jack.     It  is  at  the 
lower  portion  of  the  multimeter.    To  insure  that  the  meter  will  indicate 
the  correct  resistance,  the  test  leads  must  be  touched  together.  The 
pointer  will  be  deflected  toward  the  "0"  because  there  is  zero  resistance 
between  the  test  leads  at  this  time.     If  the  meter  does  not  indicate  zero, 
the  "zero  adjusting"  knob  must  be  positioned  until  a  zero  reading  is 
obtained.     The  multimeter  is  now  ready  to  be  used  as  an  ohmmeter.  Any 
time  the  circuit  is  complete  between  the  test  leads,  the  meter  will  indi- 
cate a  reading.    The  reading  will  either  be  zero,  or  the  amount  of  resis- 
tance that  exists  in  the  circuits.     For  example,  if  you  were  to  check  a 
length  of  wire  to  determine  if  it  were  complete  or  broken,  it  would  be 
done  as  follows: 

One  test  lead  would  be  placed  on  one  end  of  the  wire.    The  other  test 
lead  placed  on  the  other  end.     If  the  wire  is  complete  or  continuous,  the 
meter  will  read  zero.     (The  amount  of  resistance  in  electrical  wire  is  so 
small,  the  meter  will  not  read  it.)    The  completeness  of  the  circuit  is 
known  as  CONTINUITY* 

Suppose  the  length  of  wire  is  so  long  that  the  test  leads  cannot  be 
Placed  one  on  each  end.     Continuity  would  be  checked  by  touching  one  end 
of  the  wire  to  the  aircraft  fuselage,  then  placing  one  test  lead  to  the 
other  end  and  the  other  test  lead  to  the  fuselage.     The  fuselage  will 
serve  as  a  conductor  to  complete  the  circuit.     If  the  wire  is  complete, 
:he  meter  will  indicate  continuity. 

When  the  multimeter  is  being  used  as  an  ohmmeter,  care  should  be 
taken  to  insure  that  it  is  never  used  on  a  "live  circuit."    Power  must 
always  be  off.     If  not,  the  meter  will  be  damaged. 
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SUMMARY 


adjust  S^S^r^^lUrs.^ 

in  th.  shop?  "1    "ff  1"raft-  «  "  «" 

raccor  is  read  in  degrees  and  tenths  of  a  degree. 

The  multimeter  will  be  usf>d  m  *ia  -v 
the  propeller  electrical  circuits      rl    th\rePairJaAn  troubleshooting 
or  ailliammeter.    The  repairman  need  not^e  L         "I  3  Voltnet«.  ohmmeter, 
meter  portion  because  the  electr^-l     ?      J  concerned  with  the  millia- 
the  milliameter  is  capable  oi '  r^  —  ««™  than 

QUESTIONS 

Protractorf  ^  **  ^  readin«  «™  can  be  made  with  the  Universal 

lefC^hicJ^^n  "  tt  v^ieT1  T"*"^  iS  "*d  fr0"  to 

n  is  tne  vernier  scale  on  the  ring  read? 

3-  List  three  instruments  the  multimeter  can  be  used  as. 

be  on'or  oTfT  0hmet"  ln  3  should  the  circuit  power 

5.  What  does  "DCV"  stand  for  on  the  front  of  the  multimeter? 

HOV  AC?  WhlCh  V°ltage  jaCk  W°uld  be  «-  0"  the  multimeter  to  measure 

7.  What  is  meant  by  "continuity?" 
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MEASURING  TOOLS 

OBJECTIVES 

After  completing  this  workbook  and  your  classroom  instruction, 
you  will  be  able  to  measure  propeller  blade  angles  and  trace  electrical 
circuits  using  measuring  tools. 

EQUIPMENT 

basis  of  Issue 
Universal  Protractor  1/5  students 

Multimeter  1/5  students 

PROCEDURE 

Follow  the  instructions  given  for  each  project  in  this  workbook. 

Project  1 

INSTRUCTIONS 

Using  the  universal  protractor,  prepare  the  protractor  to  take 
readings  at  flight  idle,  feather,  and  reverse  blade  angles  on  n  d4H60 
propeller* 


Figure  1.    Ring  to  Disc  Lock  Pin. 

1.      To  zero  the  protractor  you  must: 

a.      Engage  the  ring  to  disc  lock  pin  to  lock  the  ring  and  disc 
together*    (See  figure  1.) 
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Figure  2.    Friction  Lock. 

b.      Release  the  ring  to  frame  friction  lock  by  loosening  the 
lock  approximately  1  turn,  as  illustrated  in  figure  2. 


Figure  3.    Positioning  Protractor  on  the  Propeller. 

c.      Place  one  side  of  the  protractor  on  a  flat  surface  of  the 
propeller  that  is  parallel  to  the  plane  of  rotation.    Use  either  the 
front  of  the  hub,  or  the  outer  most  end  of  the  pitch  change  mechanism, 
as  illustrated  in  figure  3. 


Figure  A.    Disc  Spirit  Level. 

d.      Rotate  the  disc  and  ring  until  the  spirit  level  on  the 
dine  indicates  a  level  condition*    Keep  the  protractor  vertical  by  using 
the  corner  spirit  level*  as  illustrated  in  figures  4  and  5. 


Figure  5.    Corner  Spirit  Level. 
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figure  6, 


Figure  5.    Ring  to  Frame  Friction  Lock, 
c.      Look  the  ring  with  the  ring  to  frame  friction  lock.  See 

f .      The  protractor  is  now  zeroed  and  ready  to  measure  angles. 


Figure  7.    Lock  Pin. 
g.      Release  the  disc-to-ring  lock  pin.    See  figure  7, 


Figure  8.    Measuring  Blade  Angle. 

h.      Place  the  protractor  on  the  flat  side  of  the  blade  using 
the  opposite  side  of  the  protractor  than  that  used  when  you  zeroed  the 
protractor.    See  figure  8. 


Figure  9.    Adjuster  and  Level. 

i.      Turn  the  disc  adjuster  until  the  spirit  level  on  the 
disc  is  level.    Sec  figure  9. 
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Figure  10.    Degree  Scale. 

J,      Read  the  number  of  whole  degrees  on  the  disc  between  the 
0  on  the  disc  and  the  0  on  the  ring  as  illustrated  in  figure  10. 

k.      Read  the  tenths  of  a  degree  on  the  vernier  scale  on  the 
ring.    Read  this  in  the  same  direction  as  the  main  scale  was  read. 

Reading   '  


1.      Enter  your  total  reading  here. 
(Steps  j  &  k) 


Project  2 


INSTRUCTIONS 


Using  the  multimeter,  prepare  the  multimeter  to  take  readings  of 
electrical  voltage  and  resistance  on  an  electrical  circuit. 

1.  To  prepare  the  multimeter  to  serve  as  a  voltmeter,  position 
the  selector  switch  to  DCV. 

2.  Position  the  test  leads  in  the  jacks  to  measure  28  volts.  Place 
one  lead  in  the  "OHMS,  DCV,  ACV,  MA"  jack  and  the  other  lead  in  the  "40V" 
jack. 

3.  Measure  the  voltage  sources  assigned  by  the  instructor. 

4.  Record  your  voltage  readings  in  the  blanks. 

Reading  a.   

Reading  b.   

Rending  c.  

5.  If  you  were  going  to  measure  115  volts  AC,  how  would  you 
prepare  the  meter? 

a.  Selector  switch  position 

b.  Test  leads  position   
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6.  To  prepare  the  multimeter  to  serve  as  an  ohmmeter,  position 
the  selector  switch  to  "OHMS." 

7.  Place  one  test  lead  in  the  jack  marked  "OHMS,  DCV,  ACV,  MA." 
Place  the  other  lead  in  the  jack  marked  "RX1." 

8.  Touch  the  probes  of  the  test  leads  together  and  rotate  the 
"zero  adjust"  knob  until  the  dial  pointer  indicates  zero. 

9.  Use  the  ohmmeter  to  measure  the  resistance  given  you  by 
the  instructor. 

10.      Record  your  readings  in  the  blanks  below. 
Reading  a.  


Reading  b. 


Reading  c. 


Reading  d. 


11.      If  any  of  the  resistors  are  of  such  a  high  value  that  the  meter 
will  not  indicate,  change  the  test  lead  from  the  "R  X  1"  jack,  to  the 
"R  X  10"  or  "R  X  100"  jack. 

Note:    This  will  extend  the  range  of  the  meter  10  or  100  times. 
You  must  multiply  the  dial  reading  by  10  or  100,  depending  on 
which  jack  you  have  selected. 
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PROPELLER  FEATHER  AND  AIR  START  CONTROL 
Use  and  study  this  handout  as  directed  by  your  it 
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A  THIS  WIRE  TO  X  ROUTEO  SEPARATELY, 

A  wilts  4  connectors  part  or  regulated  ASSY, 

3.  rot  ItlM  IDENTIFICATION  SU  STEM  UST,  TAKE  !•!. 

4.  AU  WIRES  ON  THIS  DIAGRAM  MUST  *  KEPT  A 

minimum  or  six  inches  from  sensitive  wires. 

A  AU  WIRES  IN  THIS  CONOUIT  TO  K  TWISTEO  2  TO  3 
TURNS  PER  FOOT  A  NO  TWIST  TO  tXTENO  A  MINIMUM 
Of  ONE  FOOT  KYONO  CONOUIT. 

A  AU  WIRES  IN  THIS  CONOUIT  TUM  COVEtfO  WITH 
CENCOTE  NO.  13*  TYPE  5*4  ASKSTOS  SLEEVING, 
CENEUl  flASTtC  CORP,  PATTERSON,  NEW  JERSEY. 

A  THIS  SWITCH  POSITION  IS  FOR  CONDITION  UVf  R 
IN  AIR  START,  RUN  4  GRO  STOP. 

A  TM1*  SWITCH  POSITION  IS  FOC  CONDITION  LEVER 
IN  FEATHER. 

A  THIS  SWITCH  POSITION  IS  FOR  CONDITION  LEVER 
IN  RUN,  ORD  STOP  4  FEATHER . 

THIS  SWITCH  POSITION  IS  FOR  CONDITION  LEVER 
IN  AIR  START. 

^  WIRE  TO  IE  PE  400  (PACKARD  ElECTRX  WARREN, 
OHIO). 

^SAFETY  WIRE  THIS  PlUC,  INSTALL  LS72fM  REO  DOT 
DECAL  ON  AOJACENT  STRUCTURE . 

13.  INSTALL  WIRES  PER  MlL*W-50tt. 

i& PROVIDE  SEPARATE  GROUNDS. 

^ENTIRE  LENGTH  TO  IE  ENCLOSEO  IN  VINYL  TUflNG. 

^ALL  WIRES  SHOWN  ON  TERM.  CI,  II,  A1  ON 
MS24I9201  ARE  TERMINATED  ON  TERM  LI,  L2,  L3 
RESPECTIVELY  ON  AN333+~1  RELAY.  ALL  WIRES 
SHOWN  ON  TERMINALS  C2,  12,  A3  ON  MS24IP20I 
RELAY  ARE  TERMINATED  ON  TERMINALS  Tl,  T2,  T3 
RESPECTIVELY  ON  AN333*-!  RELAY. 
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ELECTRICAL  SAFETY  AND  THE  MAINTENANCE  MAN 

INTRODUCTION 

Numerous  maintenance  articles  written  by  experienced  maintenance 
personnel  or  by  engineers,  well  qualified  in  their  fields,  are  printed 
in  aviation  magazines  and  publications.    These  articles  contain 
maintenance  information,  techniques,  reasons  or  causes  of  Air  Force 
maintenance  problems.    They  are  written  to  inform  Air  Force  personnel 
of  the  problem  and  its  solution.    It  is  hoped  that  this  information 
will  be  of  value  to  you  if  you  should  encounter  the  same  or  similar 
problems. 

Since  you  will  be  on  the  Job  shortly  and  may  be  confronted  with 
these  problems,  we  feel  that  you  could  benefit  from  reading  some  of 
these  articles  along  with  the  study  guides  issued  to  you.    The  content 
of  the  article  in  this  handout  is  directly  related  to  the  subjects  you 
will  study.    This  article  has  been  taken  from  Aerospace  safety  magazine 
and  is  informative  in  nature  and  should  not  be  interpreted  as  being  a 
regulation,  technical  order  or  directive  in  nature;  however,  it  will  be 
well  for  you  to  observe  the  safety  practices  given  in  this  article. 

INFORMATION 

You  will  be  working  on  electrical  circuits  on  the  C-130  aircraft. 
This  study  guide  contains  safety  procedures  for  working  on  electrical 
circuits. 

ELECTRICITY-SAFETY-AND  THE  MAINTENANCE  MAN 

If  you  have  ever  passed  close  to  a  high-tension  power  transmission 
line  on  a  rainy  day,  a  quiet  pause  near  one  of  the  support  poles  or  towers 
would  serve  to  make  those  "Danger— High  Voltage"  signs  more  meaningful. 
There  is  a  hissing,  buzzing,  crackling  sound  from  the  wires  where  they  pass 
over  the  insulators  that  sets  the  hair  on  end  across  the  back  of  your  neck — 
it  sounds  menacing,  as  it  should.    We've  been  taught,  as  part  of  our  early 
training  in  this  era  of  technology,  to  stay  away  from  bare  wires,  especially 
those  marked  "High  Voltage."    We've  seen  movies  with  electric  switchboards 
in  submarines  or  the  laboratories  of  "mad  scientists"  turning  into  fireworks 
displays  as  they  overloaded  or  shorted  out.    In  short,  we  are  conditioned  to 
think  of  high  voltage  electricity  as  dangerous,  something  to  be  treated  with 
great  respect  even  while  we  put  it  to  work  for  us. 

Of  course,  all  this  is  true;  if  we  are  to  stay  alive,  contiiuous 
caution  Is  vital  when  we  work  around  power  stations,  transmission  lines, 
or  distribution  networks  with  high  voltage  potential.    But  most  of  the 
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time,  most  of  us  deal  with  Mlow  voltage"  electrical  equipment  which 
operates  on  power  stepped  down  by  transformers  from  high  voltage  sources 
that  are  safely  removed,  we  believe,  from  our  work  stations*    We  think 
that  because  the  "high  voltage"  menace  stops  at  the  transformer  station, 
or  at  the  outside  of  the  hangar,  we  are  safe  from  electric  shock — all 
we're  exposed  to  is  220  or  110  volts  alternating  current,  something  we 
live  with  every  day  around  the  hangar  or  the  house,  something  the  wife 
can  use  to  wash  clothes  or  vacuum-clean  the  rugs.    So  each  day,  someone 
who  feels  "safe,"  someone  who  is  complacent  about  "harmless  low  voltage" 
is  injured  or  killed  because  he  didn't  obey  the  most  fundamental  rule 
for  working  safely  with  electricity«"Never  allow  your  body  to  offer  a 
path  for  current  flow."    Because  it  is  current  flowing  through  the  body, 
not  voltage,  that  determines  the  severity  of  an  electric  shock. 

When  the  body  is  in  a  position  xo  offer  a  path  for  the  flow  of 
current,  the  amount  of  current  which  will  flow  depends  upon  only  two 
factors — the  resistance  offered  by  the  body,  and  the  voltage  available 
to  push  current  through  that  resistance.    We  often  hear  of  cases  where 
low  voltage  proved  to  be  a  killer  because  the  resistance  of  the  victim's 
body  was  low  enough  to  allow  heavy  current  flow  through  vital  organs, 
or  to  cause  fatal  internal  burns.    On  the  other  hand,  some  people  have 
escaped  the  hazards  of  higher  voltage  shock  solely  because  their  bodies 
offered  too  much  resistance  to  current  flow.     Since  resistance  is  so 
important  to  survival,  we  should  find  out  how  it  varies  in  the  human 
body,  and  what  effect  these  variations  may  have  in  prevention  of 
electrical  shock. 

RESISTANCE  VERSUS  VOLTAGE 

Figure  1  illustrates  how  resistance  to  current  flow  through  the 
surface  of  the  skin  can  vary  according  to  circumstances.    Careful  study 
of  this  chart  should  leave  you  with  the  knowledge  that  you  can  exercise 
control  over  the  total  amount  of  resistance  to  shock  when  you  touch  a 
source  of  electrical  potential.    For  example,  if  you  keep  your  skin  dry 
and  if  while  grounded  you  touch  the  source  lightly  with  your  fingertip 
(only  one-half  of  a  square  inch),  the  resistance  to  current  flow  may  be 
as  high  as  400,000  ohms;  and  you  probably  will  not  feel  even  the 
slightest  tingle  of  the  shock  sensation.    But  the  chart  shows  much 
different  resistance  values  on  the  "WET"  side. 

To  demonstrate  this,  let's  say  you've  been  working  hard  on  a  hot 
day  in  the  unventilated  insides  of  your  airplane,  and  you're  sweating 
heavily.    When  you  grasp  anything  fully  with  a  wet  hand,  the  increased 
contact  area  (up  to  15  square  inches)  combines  with  the  increased 
conductivity  of  the  moist  skin  tc  lower  your  resistance  at  the  area  of 
contact  to  as  little  as  1000  dims.    Should  the  object  you're  grasping  be 
a  source  of  electrical  potential  like  the  metal  case  of  a  defective  and 
improperly  grounded  electric  drill  motor,  current  will  flow  through 
your  hand,  arm  or  body  at  the  instant  you  touch  another  object  at  ground 
potential.    The  shock  could  be  very  severe  or  perhaps  fatal,  even  if  the 
voltage  is  relatively  "low,"  as  you  can  see  by  looking  at  figure  2. 
For  example,  at  100  volts  of  60-cycle  alternating  current  and  only  1000 
ohms  resistance,  the  current  flow  in  most  circumstances  could  be  more 
than  100  milliamperes,  and  you  couldn't  let  go  or  even  move  a  muscle 
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while  the  current  continued  to  surge  through  your  body.     It  takes  only 
one-tenth  this  much  current  flow  (10  milliamperes)  to  "freeze"  your 
muscles  and  thus  keep  your  body  in  the  circuit  unti]  it  is  deonergized. 

UOU  IxKSISTANCE  VARIES.    Having  looked  at  the  illustrations  and  the 
big  numbers  along  the  scales,  you  may  still  feel  that  you  wouldn't  risk 
much  from  shock  hazards  in  the  t.ype  of  work  you  do  or  the  kind  of 
equipment  you  normally  work  with.    But  you  should  have  learned  by  now, 
at  least,  that  the  resistance  of  the  human  body  cannot  be  relied  upon 
to  prevent  a  fatal  shock  from  1] 5-volt  or  even  lower  voltage  circuits. 
And  this  is  because  of  the  extreme  variations  in  body  resistance,  almost 
all  of  them  confined  to  the  external  area. 

The  internal  resistance  of  the  body  is  relatively  constant  and 
relatively  low.    We  are  all,  inside  of  us,  about  85  per  cent  water,  an 
excellent  and  low  impedance  conductor.    Conditions  under  the  inner 
layers  of  the  skin  stay  just  about  the  same  all  the  time,  so  that  to  find 
the  causes  for  the  variables  in  body  resistance  we  must  look  at  the  skin, 
and  what's  in  it  and  on  it. 


A.  IXTIMM.  9U*m  MTH  A*O«0  AT  TH|  tmOt KtlH 
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Wndy  skin  Is  made  up  of  two  major  layers.    You  already  know  that 
.hv  *ktn  has  relatively  high  resistance,  especially  if  it  is  thick, 
Minh  as  In  tho  area  of  n  callous.     But  the  inner  layer  of  skin  is 
n«Uur«llv  moist.  duo  to  the  contact  with  body  fluids,  so  resistance  to 
runout  flow  falls  off  rapidly  if  the  inner  layers  are  exposed,  or  if 
body  fluids  eome  closer  to  the  surface,  as  when  a  blister  forms.  And 
blisters  do  form  In  seconds,  from  localized  heating  when  current  flows 
ai  Zl  T\T  8U^faCeK0f  the  skin  -  trough  a  portion  of  the  bod" 
al±i        ^    i8U"  3'    ?h°  eff6Ct  iS  cumulative-current  flow  through 
akin  resistance  causes  heating,  the  heating  brings  moisture  to  the 
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surface,  blisters  full  of  fluid  lower  the  resistance  even  further,  so 
the  current  flow  increases,  producing  still  more  heat,  etc.    Your  total 
body  resistance  might  be  pretty  hLgh  to  begin  with,  before  you  suffer 
a  shock*    Then  as  the  skin  resistance  goes  down,  your  total  body  re- 
sistance decays  rapidly.    An  the  longer  it  continues,  as  shown  in  this 
example,  the  worse  it  gets.     In  three  seconds,  while  your  internal  re- 
sistance stays  constant  at  only  300  ohms,  your  skin  resistance  plunges 
fro©  2000  ohms  down  to  200  ohms,  while  current  flow  zooms  from  50 
milliampere8  to  230  MA.    And  all  this  time  you  can't  let  go  to  stop  the 
vicious  circle  from  completing  itself. 


Nt  AO  TO  MAftO  c  MAMO  TO  fOOT 

•  HMtO  TO  HAMO  a  TM*OM  TO  *OOT  f  hCAO  TO  »OOT 


Figure  4.    Current  Path  in  Five  Basic  Types  of  Shook. 

Two  hundred  thirty  mj lliamperes  of  current  flowing  through  your 
body  through  the  region  of  the  heart  is  well  within  the  band  of  current 
flows  (marked  on  our  chart  in  figure  2)  labeled  "SURE  DEATH"— the  area 
where  the  heart  stops  pumping  and  just  trembles  ineffectually  (ventricular 
fLbr illation).    Naturally,  the  effect  of  current  flow  on  your  body 
varies  not  only  with  its  intensity  but  also  with  the  path  it  follows, 
figure  4  shows  the  five  major  flow  paths  through  the  body  and  the  areas, 
shaded  in  red,  that  are  affected  most  by  the  damage  resulting  from  the 

MllOf  k. 

EFFECTS  OF  SHOCK 

To  get  an  Idea  of  the  effects  of  so-called  "low-voltage"  shock, 
let's  see  what  happens  when  60-cvclo  alternating  current  at  110  volts 
passes  through  a  nun  from  hand-to-hand  or  hand-to-foot.     As  current 
flow  gradually  increases,  the  lollowing  effects  become  apparent: 

1  to  8  MILLIAMPERES — a  sensation  of  shock,  not  very  painful.  A 
man  can  still  let  go  because  muscle  control  is  not  lost. 


8  to  15  MILLIAMPERES— painful  shock,  but  scill  he  can  let  go.  The 
hazard  up  through  this  amount  of  current  flow  often  comes  from  the 
so-called  "fright  reaction"  or  recoil  when  the  shock  occurs.    Men  have 
fallen  from  ladders  and  other  high  locations,  or  have  bumped  their  heads 
hard  enough  to  cause  unconsciousness,  increasing  the  possibility  of 
remaining  in  the  path  of  current  flow,  prolonging  the  exposure. 

15  to  20  MILLIAMPERES—loss  of  muscle  control  begins,  and  the  man 
cannot  let  go  in  spite  of  the  painful  shock.    At  25  MA  he  will  be 
"frozen1  to  the  point  of  contact. 

20  to  50  MILLIAMPERES — severe  muscle  contractions  include  those 
muscles  controlling  breathing.     In  addition  to  difficulty  in  breathing, 
the  victim  may  be  "knocked  out." 

50  to  75  MILLIAMPERES— almost  certain  unconsciousness. 

75  to  100  MILLIAMPERES — as  current  nears  100  MA,  the  man  is  almost 
certain  to  die.    Ventricular  fibrillation  sets  in,  the  heart  no  longer 
circulates  blood  in  the  body,  and  even  after  the  current  is  cut  off,  no 
pulse  can  be  detected.    Artificial  respiration  should  be  attempted,  but 
unless  a  trained  physician  or  a  doctor  can  restore  the  natural  rhythmic 
action  of  the  heart  by  massage  or  controlled  electrical  shock  treatment 
using  special  equipment  usually  found  only  in  hospitals,  it's  almost 
impossible  to  save  the  victim's  life.    Usually  the  maximum  time  limit 
for  resumption  of  natural  heart  function  under  these  circumstances  is 
about  six  minutes. 


0.20  to  2  AMPERES— this  intensity  of  flow  will  paralyze  the  nerves 
near  the  diaphragm  or  the  nerve  centers  at  the  base  of  the  brain.  Breathing 
will  be  cut  off. 

2  AMPERES  and  over—the  man  will  suffer  severe  burns  due  to  "frying" 
of  the  body  fluids  and  to  external  arcing  at  the  point  of  contact.  In 
addition,  internal  burns  of  the  slow  healing  type  will  also  occur.  This 
latter  fact  might  seem  academic  under  the  circumstances,  but  a  peculiar  thing 
sometimes  happens  when  flows  of  above  10  AMPS  occur  for  very  short  periods. 
The  severe  muscle  contractions  the  man  experiences  may  prevent  ventricular 
fibrillation,  and  after  release,  if  proper  first  aid  is  administered 
soon  enough,  he  might  survive  if  the  heart  picks  up  its  regular  pumping 
rhythm  again. 

The  tabulation  above  is  a  general  guide  only.    Naturally  there  will 
be  variations  due  to  individual  circumstances.    The  physical  condition 
of  the  victim  may  be  a  factor.    But  the  important  thing  to  remember  is 
that  fewer  low  voltage  shock  victims  can  be  revived  than  those  receiving 
1000  volts  or  more. 


SUMMING  UP 


With  the  foregoing  facts  in  mind,  we  can  do  a  summing-up  exercise 
in  relatively  few  words.    Although  we  must  be  aware  of  the  many  variables 
in  cases  of  electrical  shock  and  the  hazards  which  cause  them,  we  can 
make  some  general  statements  which  apply  to  almost  all  circumstances. 
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•  If  your  body  becomes  part  of  a  circuit,  either  as  the  load 
or  as  the  conductor  and  the  load,  you  will  get  an  electrical  shock. 

•  Your  body  will  become  part  of  the  circuit  if  you  come  in 
contact  with  both  a  source  of  potential  and  a  ground  while  your  total 
resistance  is  low  enough  to  allow  a  flow  of  current. 

•  Current  flow  is  what  kills  or  injures  you—voltage  only 
pushes  the  current  through  your  body  resistance. 

•  Direct  current  (DC)  is  generally  considered  to  carry  less 
shock  hazard  than  alternating  current  (AC)  for  a  given  voltage,  but  it 
is  likely  to  burn  more  severely  since  the  arcs  from  DC  are  more 
persistent  than  those  of  AC. 


•  Body  resistance  is  highly  variable,  principally  because  of 
changes  in  skin  resistance  from  one  body  area  to  another  due  to 
thickness  and  amount  of  moisture  on  the  surface. 

•  Electrical  energy  sources  (AC  or  DC)  operating  with  an  open 
circuit  potential  of  30  volts  or  more  with  a  capability  of  delivering 
2.5  milliamperes  or  more  into  a  short  circuit  are  hazardous  to  you. 

•  Low  voltage  (less  than  600  volts)  can  be  more  dangerous  to  you 
than  high  voltage.    Accurate  statistics  show  that  62  per  cent  of  victims 
recovered  after  being  knocked  out  by  potentials  over  1000  volts;  for 
lower  voltages,  only  39  percent  recovered. 

•  The  seriousness  of  electrical  shock  depends  on  the  balance 
between  several  factors— the  voltage,  the  body  resistance,  the  amount 
of  current  flow  and  its  path  through  the  body,  the  duration  of  contact 
and  the  condition  of  the  body  organs  in  the  current  path. 

•  The  most  hazardous  currents  are  those  in  the  frequency  range 
from  20  to  100  cycles  per  second  (cps).    Currents  of  higher  frequencies 
are  less  hazardous  because  they  tend  to  flow  on  the  surface  of  conductors 
rather  than  through  the  conductors  themselves.    High  frequency  current 
will  cause  electrical  shock  but  to  a  lesser  extent  for  a  specific  currant 
value. 


•       The  current  required  to  operate  just  one  100-watt  light  bulb 
is  eight  to  ten  times  the  amount  that  is  needed  to  kill  you. 

SAFETY  PRECAUTIONS 

There  ore  a  number  of  safety  precautions  you  can  take  to  minimize 
the  degree  of  exposure  and  the  potential  for  being  on  the  receiving  end 
of  an  electrical  shock.    Some  of  these  precautions  involve  the  equipment 
you  work  with—others  have  to  do  with  your  attitude  toward  your  work  and 
your  interest  in  safe  working  conditions.    Let's  tick  off  some  of  che 
most  time-tested  precautions  in  both  areas,  as  they  apply  to  the  mechanic 
or  technician  working  either  on  the  airplane  or  at  the  bench  in  the 
hangar  or  shops. 
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HAFF  PRACTICES.    Start  with  good  housekeeping  in  your  work  area. 
Keep  it  clear  of  clutter,  stray  wires,  solder  drops,  unusable  spare  parts 
and  unoccupied  people* 

1.  Don't  work  on  energized  circuits.    If  you  can  possibly  avoid 
it,  don't  touch  a  live  circuit  anywhere.    Of  course,  some  of  us  must 
work  on  energized  circuits  to  do  our  jobs,  but  in  such  cases  we  should 

be  properly  trained  and  always  know  for  Sure  what  voltages  and  frequencies 
we  are  involved  with. 

2.  Avoid  working  alone.    When  using  electrical  equipment,  if  you  can 
work  with  or  around  someone  else,  you  are  safer,  especially  if  he  knows  how 
to  turn  off  the  power,  how  to  get  help  in  an  emergency,  and  how  to  apply 
artificial  respiration. 

3.  Follow  the  Technical  Manual.    Safe  procedures  for  all  the 
technical  operations  are  contained  in  your  approved  technical  publica- 
tions.   Follow  them,  and  if  there  is  a  checklist  for  your  particular 
operation,  USE  IT.    Don't  depend  on  your  memory,  and  don't  try  to  take 
short  cuts. 

4.  Rig  power  cables  properly.    Never  use  portable  cords  or  other 
equipment  in  such  a  way  that  a  male  plug  can  be  energized  except  when  it 
is  in  a  receptacle.    When  connecting  a  motor  or  other  equipment  to  a 
power  source,  first  make  sure  that  the  switch  or  circuit  breaker  is 
open  at  the  source.    Then  connect  the  cord  or  cable  to  the  equipment  you 
are  going  to  use,  and  work  back  toward  the  power  source  with  dead  cable 

in  your  hands,  making  the  connection  to  the  source  your  next-to-last  move. 
Your  lasi  move,  then  should  be  to  turn  on  the  switch  or  close  the  circuit 
breaker  while  watching  to  see  if  there  is  any  evidence  of  overheating 
or  arcing  in  the  supply  cable  or  the  equipment  itself.    NEVER  CONNECT  TO 
A  POWER  SOURCE  FIRST.    NEVER  MAKE  INTERMEDIATE  CONNECTIONS  UNLESS  THE 
POWER  IS  OFF. 

5.  Keep  yourself  and  your  equipment  dry.    Moisture  is  your  enemy 
when  you  work  with  electricity. 

6.  Make  sure  that  grounding  is  proper  and  complete.    Most  electrical 
industrial  equipment  comes  with  carefully  designed  grounding  provisions. 
Most  cords  use  three  or  four-wire  cable  to  ensure  your  safety  by  providing 
a  built-in  low-resistance  path  to  ground  in  case  of  a  short  circuit.  Don't 
guess  about  this.     If  there  is  any  doubt  in  your  mind  about  the  condition 
or  function  of  any  electrical  equipment  you  may  have  to  use,  get  help  from 
authorized  and  trained  personnel  instead  of  taking  a  chance. 

Grounding  is  one  of  the  ways  wc  prvent  injury  from  electricity  (the 
other  1*  insulation).    Adequate  grounding  of  all  non-current-carrying 
parts  of  electrical  equipment  which  could  become  accidentally  energized 
will  help  to  keep  you  from  "frying"  when  using  such  simple  tools  as  a 
drill  motor,  or  such  complex  ones  as  an  electronic  bench  test  set. 

7.  Be  familiar  with  first  aid  procedures.     If  your  buddy  is  not  so 
careful  as  you,  your  knowledge  may  save  his  life. 
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8.  Use  the  right  tool  for  the  Job.    Don't  overload  or  abuse 
electrical  equipment  or  circuits  beyond  their  capacity.    Don't  try 

to  "fo^i"  the  circuit  by  using  a  fuse  heavier  than  the  one  authorized, 
or  by  "bridging11  a  burned  ovt  fuse  with  heavier  conducting  material. 
Don't  replace  fuses  by  hand  on  live  circuits;  use  a  fuse  puller. 

9.  Use  safety  lights  in  closed  or  fume-laden  areas.    Whenever  you 
work  in  a  closed  area  or  in  a  place  where  volatile  fumes  could  collect, 
use  only  approved,  sealed  safety  lights  and  explosion-proof  equipment. 
Some  explosions  in  the  past  haven't  killed  anyone,  but  those  present 
were  electrocuted  by  the  bare  wires  whipping  around  as  a  result  of  the 
big  boom. 

10.      If  someone  else  becomes  a  shock  victim,  don't  join  him.  Don't 
become  part  of  the  circuit  yourself.    Turn  off  the  power  or  manipulate 
the  wires  or  the  victim  with  something  you're  SURE  is  a  non-conductor 
(some  rubber  items  are  pretty  good  conductors).    As  soon  as  you  can 
touch  him  safely,  apply  artificial  respiration.    Speed  is  essential — 
in  600  cases  studied,  70  percent  recovered  when  artificial  respiration 
was  applied  within  three  minutes.    Another  minute  of  delay  reduced  the 
figure  to  58  percent.    Five  minutes  are  i:oo  long — the  chances  are  slim. 

WORKING  WITH  400  CYCLE  AC 

400  cycle  AC  electricity  HURTS!    Ask  the  mechanic  who  has  been 
careless,  he'll  tell  you  for  certain.    For  removal  and  installation 
purposes  on  the  aircraft  there  is  no  problem  (unless  you  forget  to  pull 
the  proper  circuit  breakers).    However,  overhauling  components  on  the 
bench  is  quite  a  different  matter.    Usually  it  is  necessary  in  the 
case  of  actuators,  valves,  relays,  and  so  forth,  to  apply  power  to  the 
component  for  adjustment/test  purposes.     In  days  gone  by,  when  almost 
all  components  were  powered  by  28  volts  DC,  working  with  power  applied 
presented  very  little  danger.    However,  with  the  introduction  of  jet 
aircraft  and  the  switch  to  115-volts,  400  cycle  AC,  it's  a  different 
story.    A  mistake  new  presents  a  danger  that  could  possibly  be  fatal. 

Extreme  care  must  be  exercised  during  bench  adjustments.  Turn 
the  switch  on  your  power  supply  OFF  if  at  all  possible  while  making  any 
adjustment.    Be  certain  that  no  part  of  your  body  is  in  contact  with 
a  possible  ground  return. 

One  further  word  concerning  the  bench  power  supply.    There  are  two 
types  in  common  use  at  the  present  time.    There  are  two  types  in  common 
u*u»  at  the  present  time.    The  latest  model  emplovs  an  "above-ground" 
transformer  and  protects  the  operator  from  possible  feedback  through  a 
metal  bench  or  a  damp  floor.    The  older  model  does  not  afford  this 
protection.     It  is  possible  to  have  full  voltage  striding  between  either 
test  lead  and  any  surrounding  metal  objects.    Remember:     If  you  must 
move  a  power  supply,  check  it  with  a  voltmeter  after  inserting  the  wall 
plug.    This  will  eliminate  that  moment  of  surprise  (115/220  volts  AC, 
400  cycle  lightning  bolt!) 
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QUESTIONS 

1.  What  is  the  danger  involved  while  working  on  electrical 
circuits Y 

2.  What  will  be  the  effect  of  electricity  on  your  body  with 
you  wearing  wet  clothing?  y 

the  hLn  Til?W±11  bC         effCCt  °f  eleCtrlcal  «"-«=  lowing  through 

in  tht'roo?™  ^  millianperes  of  current  flowing  through  your  body, 
in  the  region  of  the  heart,  will  cause  sure  death? 

5.      What  is  the  frequency  range  of  the  most  dangerous  currents? 

.i.    t6l4,What  w  thC  maln  Safety  Preca"tion  to  prevent  electrical 
shock  while  working  on  electrical  circuits  or  equipment? 

aircraft?  *"  ^  ^  t7PM  °f  electricity  that  are  used  on  an 

8.      Why  is  it  important  to  make  sure  that  all  equipment  is 
properly  grounded  prior  to  working  on  electrical  equipment? 

a,  an9:*    ^  18  kn0W^d8e  °f  firSt  aid  Procedures  important  to  you 
as  an  aircraft  mechanic?  y 

first?'  Sh°Uld  y°U  nCVer  C°nneCt  a  P°Wer  cord  t0  a  P°wer  s°»rce 
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FUNDAMENTALS  OF  DC  ELECTRICITY 

OBJECTIVE 

After  completing  this  study  guide  and  your  classroom  instruction, 
you  will  be  able  to  identify  electrica]  circuits,  components  of 
electrical  systems,  and  principles  of  electricity. 

INTRODUCTION 

You  use  electricity  many  times  every  day  -  in  lights,  fans,  radios, 
shavers,  and  various  other  devices.     Each  of  these  devices  operates 
because  an  electric  current  flews  through  it.    The  same  type  of  current 
Is  used  tn  many  aircraft  subsystems.     It  is  used  to  provide  power  for 
airborne  radio  and  radar  equipment,  to  operate  lights  and  motors,  and 
to  perform  many  other  jobs. 

INFORMATION 

You  will  be  working  on  electrical  circuits  on  the  C-130  aircraft. 
This  study  guide  contains  the  principles  of  both  direct  current  (DC)  and 
alternating  current  (AC),  electrical  symbols  used  to  represent  electrical 
units  In  wiring  diagrams,  and  circuit  control  devices,  circuit  protective 
devices,  and  other  electriral  devices. 

ELECTRICITY  DEFINED 

KlecLricity  is  an  invisible  force  that  can  produce  light,  heat, 
magnetism;  and  many  other  physical  effects. 

In  dLrect  current  circuits,   the  current  flows  steadily  in  the  same 
direction.     Batteries  or  DC  generators  used  as  voltage  sources  produce 
direct  curreiu  electricity.    The  direction  of  current  flow  is  from  the 
negaLive  terminal  of  a  voltage  source,  through  the  external  circuit,  and 
back  Lo  Lhe  positive  Lcrminal. 

MAGNETISM 

A  magnet  is  an  object  which  has  the  property  to  attract  i*-on  or 
steel  to  Uself.    The  space  around  the  magnet  in  which  its  force  may 
be  detected  radLates  lines  of  force  called  the  magnetic  field.  A 
magnet  has  both  a  north  and  a  south  pole.    The  lines  of  fovce  flow  from 
north  to  south  outside  the  magnet  and  return  south  co  north  inside  the 
magnet.    The  greatesL  strength  of  the  magnet  lies  at  the  poles.  See 
f  igure  1 . 
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Figure  1.    Magnet,  Permanent  Type. 


Magnetism  is  the  term  associated  with  the  magnetic  field.  By 
definition,  magnetism  is  an  invisible  force  that  has  the  ability  to 
do  mechanical  work  of  attraction  or  repulsion.    We  do  not  see  magnetism, 
but  we  see  the  effects  of  magnetism.    There  are  many  useful  effects  of 
magnetism.    Uses  may  vary  from  the  simple  magnetic  effect  used  to  hold 
refrigerator  doors  closed  to  the  more  complex  electromagnetic  effect  used 
to  close  solenoid  relay  switches. 

The  first  magnet  discovered  was  a  type  of  rock  called  LODESTONE. 
It  has  the  property  to  attract  certain  types  of  metal,  and  is  called  a 
natural  magnet.    There  is  also  a  man-made  magnet  which  is  called  an 
artificial  magnet. 

There  are  two  types  of  artificial  magnets;  permanent  and  temporary. 
The  permanent  magnet  is  made  of  hard  steel,  steel  alloy,  or  an  alloy  of 
aluminum,  nickel,  and  cobalt.    The  length  of  time  that  magnetism  remains 
in  a  magnet  depends  on  the  type  of  material  and  the  way  the  magnet  is 
handled.    A  magnet  made  of  aluminum,  nickel,  and  cobalt  is  hard  to 
magnetize,  but  will  3tay  magnetized,  or  retain  its  magnetism  permanently, 
if  properly  handled.    Any  magnet  will  lose  a  great  deal  of  its  magnetism 
if  it  is  heated  excessively  or  hammered. 

An  electromagnet  is  called  a  temporary  magnet.     It  is  made  by 
wrapping  insulated  wire  around  a  soft  iron  core  and  passing  current 
through  the  wire.    The  soft  iron  core  stays  magnetized  as  long  as  current 
is  flowing  through  the  wire.    As  soon  as  the  current  is  turned  OFF  the 
core  ceases  to  be  magnetized. 

Magnetic  poles  arc  opposite  in  the  same  sense  as  positive  and 
negative  polarities.    Therefore,  there  is  a  mechanical  force  of  repulsion 
between  like  poles  and  attraction  between  unlike  poles.     See  figure  2. 
This  action  is  due  to  the  direction  of  flow  of  the  magnetic  lines  of  force 
around  the  magnet.    The  polarity  of  a  temporary  magnet  can  be  changed  by 
reversing  the  direction  of  current  flow. 
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Figure  2.    Magnetic  Forces. 

The  operation  of  relays,  motors,  instruments,  and  other  units  depend 
upon  the  magnetism  of  either  the  permanent  or  temporary  magnet. 

You  should  remember  the  following  things  about  magnetic  lines  of 
force: 

1.  They  always  form  complete  loops.     They  travel  from  north  to 
south  outside  the  magnet  and  from  south  to  north  inside. 

2.  They  never  cross  each  other, 

3.  They  expand  or  contract  like  rubber  bands  as  a  force  is 
exerted  upon  them  and  return  to  their  original  state  when  the  force 
is  removed . 

4.  They  will  pass  more  easily  through  magnetic  material  (soft 
iron,  nickel,  steel,  etc)  than  through  air  or  nonmagnetic  materials 
(aluminum,  copper,  tin,  glass,  mercury,  etc).    No  material  can  completely 
prevent  their  passage. 


Figure  3.    AN  Connector  and  Symbol. 
(AN  te  abbreviation  for  Air  Force >  Navy) 

ELECTRICAL  SYMBOLS 

Klivtrlotl  symbols,  as  shown  in  figures  3  and  4,  are  the  electrical 
iMiKhuw'.-i  .shorthand  and  are  used  to  represent  units  and  other  items  of 
olert  r  L*ul  wiring  diagrams. 


There  are  many  symbols  not  listed  in  this  study  guide.  However 

the  symbols  listed  here  will  be  sufficient  at  this  time  for  studying' 

electrical  fundamentals.  It  is  important  that  you  learn  to  recognize 
and  drnw  these  symbols. 
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CZ3 


GENI 


CM) 


(OH 


8ATTEftY 


GROUND 


BUSBAR 


]  ™ 


RMINAL  STRIP 


GtNERATOR 


AC  VOLTAGE  SOURCE 


CONTINUITY  METER 


VOLTMETER 


AMMETER 


OHMMITLR 


FUSE 


CURRENT  LIMITER 


CIRCUIT  BREAKER 
(PUSH  BUTTON) 

CIRCUIT  BREAKER 
(TOGGLE) 

CIRCUIT  BREAKER 
(AUTOMATIC) 


SWITCH  (CLOSED) 


SWITCH  (OPEN) 


-©- 

-A/W- 


MOT 


+  4- 


Figure  ■/.    L'lcctrieal  Symbols. 
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SINGLE  POLE  SINGLE 
THROW  (SPST) 

SINGLE  POLE  DOUBLE 
THROW  (SPOT) 

DOUBLE  POLE  SINGLE 
THROW  (DPST) 


DOUBLE  POLE  DOUBLE 
THROW  (DPDT) 

LIMIT  SWITCH  NO 
(NORMALLY  OPEN) 

LIMIT  SWITCH  N  C 
(NORMALLY  CLOSED) 

ROTARY  SELECTOR 
SWITCH 


RELAY 


LAMP 


RESISTOR 


RHEOSTAT 


MOTOR 


COIL  ( INDUCTOR  ) 
AIR-CORE 


COIL  (INDUCTOR) 
IRON-CORE 

CAPACITOR  OR 
CONDENSER 


OHM 


WIRES  NOT  JOINED 


WIRES  JOINED 


CIRCUIT  CONTROL  DEVICES 


The  units  in  the  electrical  circuits  in  an  aircraft  are  not  intended 
to  operate  continuously.    Instead,  most  of  them  are  meant  to  operate  at 
certain  times  or  under  certain  conditions.    Either  a  switch,  a  relay,  or 
both,  may  be  connected  in  the  circuit  for  this  purpose. 

Swi tches 


Operation  of  a  Toggle  Swttch 


DOUBLE  POU  MNGlE  THROW  OOUBLE  POLE  DOUBLE  THROW 

hh".c»i  t  -.win  h  toggle  switch 


Figure  6.    Toggle  Snitches. 

Switches,  as  shown  in  figure  5,  are  used  to  control  the  current  flow 
in  most  aircraft  circuits.  A  switch  is  used  to  start,  stop,  or  to  change 
the  direction  of  current  flow  in  the  circuit. 

Toggle  switches  operate  much  the  same  as  knife  switches,  but  their 
moving  piirttf  arc  inclosed.    They  are  used  in  aircraft  circuits  more  thnn 
any  other  kind  of  switch. 
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Toggle  switches  are  designated  by  the  number  of  poles,  throws,  and 
positions  they  have.    The  pole  of  a  switch  is  its  movable  blade  or  con- 
tactor.   The  number  of  poles  is  equal  to  the  number  of  circuits  that  can 
be  completed  through  the  switch  at  any  one  time.    The  throw  of  a  switch 
indicates  the  number  of  circuits  each  pole  can  complete  through  the 
circuit. 

The  number  of  positions  a  switch  has  is  the  number  of  places  at  which 
the  operating  device  (toggle,  plunger,  etc)  will  come  to  rest  and  at  the 
same  time  open  or  close  one  or  more  circuits.    See  figure  5. 

A  single-pole,  single-throw  (spst)  switch  will  complete  one  circuit 

only. 

A  single-pole,  double-throw  (spdt)  switch  can  complete  two  circuits, 
but  only  one  at  a  time.    If  one  circuit  is  closed,  the  other  must  be  open. 

The  double-pole,  single-throw  (dpst)  switch  can  complete  two  circuits 
both  at  the  same  time. 

The  double-pole,  double-throw  (dpdt)  switch  can  complete  four 
circuits;  however,  only  two  circuits  can  be  completed  at  one  time. 

A  toggle  switch  that  is  springloaded  to  the  OFF  position  and  must  be 
held  in  the  ON  position  to  complete  the  circuit  is  a  single-position  switch. 
One  that  will  come  to  rest  at  either  of  two  positions,  opening  the  circuit 
in  one  position  and  closing  it  in  another,  is  a  two-position  switch.  A 
toggle  switch  that  will  come  to  rest  at  any  one  of  three  positions  is  a 
three-position  switch. 

A  switch  that  stays  open,  except  when  it  is  held  closed  is  a 
normally-open  (NO)  switch.    One  that  stays  closed,  except  when  it  is 
held  open  is  a  normally-closed  (NC)  switch. 

Both  types  are  spring-loaded  to  their  normal  position  and  will 
return  to  that  position  when  they  are  released. 

Limit  Switch.     (Trade  Name,  Microswitch)    A  limit  switch  will  open 
or  close  a  circuit  with  a  very  small  movement  of  the  tripping  device 
(l/16th  inch  or  less).    This  fact  is  what  gives  the  switch  its  nickname. 

Limit  switches  are  usually  pushbutton  switches  which  are  spring- 
loaded  (normally  open  or  normally  closed).    They  are  used  primarily  as 
limit  switches  to  provide  automatic  control  of  landing  gears,  actuator 
motors  and  the  1  ike. 

iioLaiy  *V/,\\>c\>»  rvitah.    A  rotary  switch  takes  the  place  of  several 
switches.    When  the  knob  of  the  switch  is  rotated,  the  switch  opens  one 
circuit  and  closes  another.    It  is  possible  to  interconnect  two  or  more 
of  these  contacts  and  operate  more  than  one  circuit  at  a  time.  Ignition 
switches  and  voltmeter-selector  switches  are  typical  examples  of  this 
kind  of  switch.    Sec  figure  6. 
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•pole 


Figure  6.    Rotary  Switch. 

CIRCUIT  PROTECTIVE  DEVICES 

Circuit  protective  devices,  as  the  name  implies,  all  have  a  common 
purpose,  to  protect  the  electrical  units  and  wires  in  the  circuit  from 
overload.    They  are  designed  to  open  the  circuit  when  the  current  flow 
becomes  greater  than  the  circuit  was  designed  to  carry. 


To  protect  aircraft  electrical  systems  from  damage  and  failure  caused 
by  excessive  current,  several  types  of  protective  devices  are  installed  in 
the  circuit.    Fuses,  current  limiters,  and  circuit  breakers  are  used  for 
this  purpose. 

Fuses 

A  fuse  is  a  strip  of  metal  that  will  melt  when  its  ampere  rating  is 
exceeded.    For  instance,  if  a  fuse  was  rated  at  15  amps  and  the  current 
flow  was  20  amps,  it  would  melt  the  fuse.    When  the  metal  in  the  fuse 
melts,  the  circuit  is  then  opened  and  current  will  cease  to  flow.    A  fuse 
is  placed  in  a  circuit  so  that  all  the  current  in  the  circuit  passes 
through  it.     In  most  fuses  the  strip  of  metal  is  made  of  an  alloy  of 
tin  and  bismuth. 

The  two  kinds  of  fuses  used  most  in  the  Air  Force  are  the  "plug-in" 
and  the  "clip"  types.    Since  the  fuse  is  intended  to  protect  the  circuit, 
it  is  quite  important  that  its  capacity  matches  the  needs  of  the  circuit 
In  which  it  is  installed.    When  you  replace  a  fuse,  always  consult 
technical  orders  first  to  be  sure  you  select  a  fuse  of  the  correct  type 
and  capacity. 

Current  Limiters 

A  current  limiter  is  a  typo  of  fuse  that  will  take  large  amounts  of 
current  for  short  periods  of  Lime.    The  metal  strip  in  a  current  limiter 
is  made  of  copper.    An  example  of  a  system  that  uses  a  current  limiter 
rather  than  a  fuse  is  the  starter  system. 

Kike  replacing  a  fuse,  you  must  choose  a  properly  rated  current 
limiter  when  roplncomenl  Is  necessary. 
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Circuit  Breakers 

A  circuit  breaker  is  designed  to  open  the  circuit  when  current  flow 
exceeds  the  rating  of  the  circuit  breaker.    It  is  commonly  used  in  place 
of  a  fuse  and  may  sometimes  eliminate  the  needs  of  a  switch.    A  circuit 
breaker  differs  from  a  fuse  in  that  It  "trip.*"  to  open  the  circuit  and 
it  may  be  reset,  while  a  fuse  melts  and  must  be  replaced.    After  a  cir- 
cuit breaker  has  been  reset  it  will  trip  again  if  the  overload  condition 
still  exists.    Three  types  of  circuit  breakers  are:    automatic,  push- 
button, and  toggle.    The  automatic  resets  itself  while  the  other  two 
must  be  reset  by  hand. 

CONDUCTORS 

A  conductor  is  defined  as  any  material  which  permits  the  passage 
of  electrical  current.    Although  most  conductors  are  made  of  wire, 
the  frame  of  the  aircraft  can  serve  as  one  of  the  conductors.  (Usually 
the  negative  one.)    The  wiras  that  connect  to  the  negative  side  of  the 
source  of  power  are  called  negative  conductors.    Those  conducted  to 
the  positive  side  of  the  source  of  power  are  called  positive  conductors. 

There  are  four  properties  of  a  conductor  that  affect  its  resistance: 

!•      The  length  of  the  conductor.     (The  longer  the  wire,  the  more 
the  resistance.) 

2.  The  diameter  of  the  conductor.     (The  larger  the  diameter, 
the  less  the  resistance.) 

3.  The  temperature  of  the  conductor.     (The  higher  the  temperature, 
the  more  the  resistance.) 

4.  The  kind  of  material  of  the  conductor.     (Copper  has  less 
resistance  than  steel.) 

Remember  that  the  more  "free"  electrons  a  material  has,  the  better 
conductor  it  is. 

INSULATORS 

There  are  times  when  conductors  need  to  be  supported,  separated, 
or  covered  so  as  to  prevent  an  undesired  flow  of  current  from  the  conductors 
to  other  objects.    For  this  purpose  we  use  a  material  that  has  very  few, 
if  any,  "free  electrons.1'    Such  a  material  is  called  an  insulator.  Many 
materials  are  used  for  the  purpose  of  insulation.    Among  these  are  plastic, 
rubber,  wood,  and  glass. 

OTHER  ELECTRICAL  DEVICES 

Busbar 

A  busbar  is  defined  as  a  heavy  conductor  (usually  copper  or  aluminum) 
used  in  aircraft  and  powerplants  to  carry  heavy  current. 
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Terminal  Strip 


A  terminal  scrip  is  an  insulating  strip  equipped  with  terminals 
for  connecting  wires. 

Resistor 

A  resistor  is  an  electrical  component  which  offers  resistance  to  the 
flow  of  current.    A  resistor  dissipates  energy  in  the  form  of  heat. 

Rheostat 

A  rheostat  is  a  variable  resistor  which  may  be  used  as  a  control 
device  to  vary  the  amount  of  current  which  flows  to  an  electrical  unit. 

ELECTRICAL  TERMS 


Current  — 

NUCLEUS 
O  NEUTRON 
+  PROTON 


Figure  7.    Atom  Structure. 

Current  is  the  moving  element  of  electricity.    To  help  you  understand 
what  this  moving  element  is,  let  us  take  a  look  at  the  structure  of  the 
atom.    As  you  probably  already  know,  all  matter  is  made  up  of  countless 
millions  of  atoms.    The  structure  of  one  of  these  atoms  is  illustrated 
in  figure  7. 

The  atom  is  similar  to  the  solar  system  in  which  the  planets  revolve 
around  the  sun.    The  center  of  the  atom  Is  the  nucleus  and  is  made  up  of 
protons  and  neutrons.    The  protons  have  a  positive  electrical  charge  and 
the  neutrons  have  no  electrical  charge.    Revolving  around  the  nucleus  in 
a  planetary  fashion  are  the  negative  charges  of  electricity  known  as 
electrons.    There  is  an  electron  for  each  proton.    Some  of  the  electrons 
are  held  quite  strongly  to  the  nucleus  whiie  the  remainder  are  held  rather 
loosely.    Current  is  the  movement  of  these  loosely  held  or  "free11  electrons, 
from  one  atom  to  another  along  the  conductor. 

Other  things  you  should  remember  about  current  are: 

1.  The  symbol  for  current  Is  the  letter  "l"  (Intensity). 

2.  The  unit  of  measurement  for  current  is  the  ampere  (abbreviated 
"amp"). 

3.  Current  is  measured  with  an  ammeter,  connected  in  series  with 
the  circuit  load. 
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Figure  8.    Direction  of  Current  Flou. 


4.  Current  flow  is  from  negative  side  of  the  power  source  to  the 
positive  side.    See  figure  8. 

5.  Three  effects  of  current  are: 

a.  Heat 

b.  Magnetism 

c.  Chemical  Change 

Voltage 

Voltage  is  defined  as  electrical  pressure.     It  is  is  this  pressure, 
QiF  (electromotive  force)  that  pushes  the  current  through  the  circuit. 

You  should  remember  the  following  things  about  voltage: 

1.  The  symbol  is  the  letter  "En  (Electromotive  Force). 

2.  The  unit  of  measurement  is  the  volt. 

3.  Voltage  is  measured  with  a  voltmeter  which  is  connected  in 
parallel  to  the  unit  of  resistance. 

Resistance 

The  opposition  to  the  movement  of  an  aircraft  through  the  air  is 
air  friction  or  drag.    Similarly,  the  flow  of  water  through  a  pipe  is 
slowed  down  by  friction.    In  an  electrical  circuit  there  is  an  opposition 
to  current  flow  called  resistance. 

In  addition  to  this  definition,  you  should  remember  the  following 
concerning  resistance: 

1.  The  symbol  is  the  letter  HRH  (Resistance). 

2.  It  decreases  current  flow  and  causes  a  voltage  drop. 

3.  The  unit  of  measurement  is  the  ohm. 

4.  Resistance  is  measured  with  an  ohmmeter  with  the  circuit 
power  OFF. 
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ELECTRICAL  METERS  AND  THEIR  USES 


> 


Voltmeter 

A  voltmeter  is  an  instrument  used  to  measure  the  difference  in 
electrical  potential  (pressure),  or  the  voltage  between  two  points. 

A  coil  and  several  resistors  are  placed  in  the  voltmeter  making  it 
an  instrument  of  high  resistance,    A  rotary  switch  on  the  front  of  the 

meter  is  used  to  connect  the  coil  circuit  with  the  proper  resistance  or 
the  desired  voltage  range. 

The  voltmeter  is  connected  in  parallel  in  the  electric  circuit  and 
gives  the  reading  in  volts. 


An  ammeter  is  an  instrument  that  measures  the  amount  of  current  flowing 
In  a  circuit. 

The  construction  of  the  amnrster  is  much  the  same  as  the  voltmeter  in 
many  respects.    However,  the  chief  differences  are  the  ammeter  has  low 
resistance,  and  the  dial  is  marked  in  amperes. 


The  ammeter  is  connected  in  series  with  a  unit  of  resistance  in  a 
circuit.    NEVER  CONNECT  IT  IN  PARALLEL  AS  SERIOUS  DAMAGE  TO  THE  INSTRUMENT 
WILL  RESULT . 


An  ohmmeter  is  an  instrument  used  to  measure  the  amount  of  resistance 
in  a  circuit  or  unLt . 

This  sensitive  instrument  has  its  own  power  source  (a  battery)  and 
is  never  connected  In  a  circuit  with  rhe  circuit  power  ON,    To  do  so  will 
usually  damage  the  instrument  beyond  ,-coair. 

The  construction  of  this  instrument  includes  precision  resistors  and 
a  rheostat  to  properly  zero  the  meter.    An  ohmmeter  must  b«  zeroed  each 
time  before  use. 

The  ohmmeter  is  connected  in  series  with  the  circuit  or  unit  of 
resistance.    It  measures  the  resistance  in  ohms.    Always  remtfmber  to  have 
the  circuit  power  OFF  when  using  this  instrument. 

Continuity  Meter 

The  continuity  meter  is  perhaps  the  simplest  of  electrical  meters, 

it  does  not  measure  anything,  but  only  indicates  whether  or  not  an  opeu 

exists  in  a  circuit  or  unit. 

This  meter  is  simply  a  small  battery  installed  in  a  case  with  a 
pointer  or  light  to  Indicate  complete  or  closed  circuits  or  devices. 


Ammeter 


Ohmmeter 
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PRODUCING  A  VOLTAGE 
Three  methods  in  which  a  voltage  can  be  produced  are: 

1.  3y  heat  ( thermocouple) . 

2.  Chemically  (battery). 

3.  Mechanically  (generator). 
Thermoelectric  Method 

Applying  heat  to  certain  metals  will  generate  a  voltage.    The  most 
common  heat  type  electrical  generator  is  the  thermocouple.    It  is  used 
for  such  things  as  to  indicate,  through  an  instrument,  cylinder  head 
temperature  of  engines  and  the  presence  of  fire. 

Chemical  Method 

A  battery  is  a  source  of  chemical  energy.    When  a  battery  is 
connected  in  a  circuit  and  the  switch  turned  ON,  a  chemical  action 
takes  place  and  a  voltage  is  produced. 

Mechanical  Method 

In  ordet  to  produce  a  voltage  mechanically,  three  requirements  are 
necessary.    These  requirements  are: 

1.      Magnetic  field. 

2«  Conductors. 

3.      Relative  motion. 

The  generator  has  the  necessary  parts  to  produce  a  voltage 
mechanically.    Rotation  or  movement  of  a  magnet  inside  a  coil  of  wire 
is  a  simple  way  of  explaining  how  a  generator  changes  mechanical  energy 
into  electrical  energy. 

AIRCRAFT  ELECTRICAL  CABLES 

Most  aircraft  electrical  cables  are  made  of  many  small  copper  or 
aluminum  strands.    The  number  of  strands  per  cable  is  only  limited  to 
the  load  capacity  that  it  will  have  to  carry  to  the  electrical  unit. 
The  advantage  of  the  strand  type  cable  over  solid  cable  is  flexibility. 

With  clio  vast  number  of  compartments  and  components  in  nr  aircraft, 
we  often  have  to  route  our  wires  in  small  nreas  and  around  other  units. 
Strand  typo  wire  will  also  withstand  the  large  amount  of  vibration  that 
we  encounter  with  today's  high-speed  aircraft. 

Cable  Size 

The  cable  size  is  determined  by  the  amount  of  amperes  that  a  unit 
needs  to  function.     If  a  unit  needs  20  amperes  to  function,  the  cable 
would  have  to  be  suitable  to  carry  that  load  witho-jt  overheating. 
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Figure  9.    American  Wire  Gauge  (Diameter  and  Ampere  Fating). 

Once  you  determine  the  amperes  that  the  unit  will  need,  you  can 
then  refer  to  a  wire  gauge  chart  such  as  the  one  shown  in  figure  9.  The 
chart  will  give  you  the  wire  size  (diameter)  in  American  Wire  Gauge 
(AWG)  numbers. 

Note:    The  smaller  the  AWG  number,  the  larger  the  cable  diameter 
and  the  larger  the  ampere  capacity. 
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Figure  10.    Electrical  Cable  Identification  Number. 

If  the  unit  ampere  rating  is  not  known,  you  may  determine  the 
capacity  by  checking  the  Electrical  Cable  Identification  Number.  This 
will  give  you  the  information  for  cable  replacement.     See  figure  10. 
This  i.D.  number  will  be  stamped  every  15  inches  for  easy  accessibility. 

Condui  t 

Depending  on  the  type  of  aircraft,  electrical  cables  must  be  protecreti 
by  means  other  than  Just  insulation.     Conduit  is  often  used  for  this 
purpose. 

Aluminum  conduit  is  used  extensively  because  it  possesses  sufficient 
strength  and  can  he  easily  formed  to  fit  any  contour.     Conduit  may  be 
supported  to  the  airframe  at  intervals  specified  in  the  applicable  TO; 
this  eliminates  much  of  the  wire  vibration  normally  caused  by  high-speed 
alrrraf  t . 

U 

644 


£33 


Flexible  transparent  vinyl  tubing  is  sometimes  used  as  a  protective 
covering  for  cable  bundles.    This  eliminates  tying  the  wires  together 
and  the  identification  numbers  can  also  be  seen. 

During  aircraft  maintenance  and  inspection  you  will  have  to  check 
wiring  and  conduit  daily.     The  following  are  areas  where  problems  often 
occur: 

Aluminum  Conduit 

a.  Splitting 

b.  Dents 

c .  Loose  supports 
Flexible  Vinyl  Conduit 

a .  Cracking 

b.  Tears 

c.  Overheating 
Terminals 

There  are  two  basic  types  of  terminals  you  should  be  familiar  with 
when  inspecting  aircraft  electrical  systems.    The  first  is  the  solder 
type.     You  will  find  these  in  portions  of  the  aircraft  where  there  is 
very  little  heat  and  the  chance  for  corrosion  is  small. 

The  second  and  most  common  is  the  swaged  or  solder less  type.  This 
is  used  extensively  on  aircraft  because  of  the  maintenance  factor.  Swaged 
terminals  are  crimped  in  place  and  can  be  completed  without  electrical 
powered  Cools  of  any  kind.     This  type  terminal  is  heat  resistant  and  can 
withstand   intense  vibrations  without  losing  its  conductive  properties. 

As  you  progress  through  the  following  blocks  of  instruction,  you 
will   be  nailed  upon  to  identify  and  inspect  various  electrical  systems. 
These  systems  cannot  function  unless  the  circuit  is  installed  properly. 
The  correct  size  wire  must  be  used,  it  must  be  properly  protected,  and 
the  connections  must  be  secure.     It  will  be  your  job  to  insure  this  is 
correct. 


An  aircraft  is  provided  with  lighting  ro  make  flying,  cargo  handling, 
and  maintenance  easier  at  night.     The  electrical  circuits  that  make  up 
these  lighting  systems  are  wired  in  series,  parallel,  and  a  combination 
of  series  and  parallel  circuits. 

As  a  mechanic  you  may  be  called  upon  to  maintain  r»nd  inspect  these 
circuits.     Wiring  diagrams  will  aid  you  in  tracing  and  inspecting 
cicatrical  units. 


OC  ELECTRICAL  CIRCUITS 
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WIRING  DIAGRAMS 


Aircraft  technical  orders  contain  diagrams  of  each  clectricnJ  circuit 
on  an  aircraft.    Most  of  the  time,  several  of  these  circuits  are  included 
on  the  same  diagram.    It  is  important  that  you  learn  how  to  trace  a 
single  circuit  in  order  to  troubleshoot,  maintain,  or  repair  the 
individual  circuit  in  question. 

In  most  instances,  tracing  an  individual  circuit  is  simple  to  do. 
Perhaps  one  of  the  simplest  methods  is  to  start  with  the  unit  at  the  end 
of  the  circuit  and  trace  back  to  the  source  of  power. 

TYPES  OF  ELECTRICAL  CIRCUITS 

Knowing  the  different  types  of  circuits  and  how  the  current  flows 
through  each  will  enable  you  to  trace  a  circuit  in  less  time  and  with 
less  difficulty  on  your  Individual  aircraft. 

Circuits 

An  electrical  circuit  is  a  continuous  path  through  which  current 
flows.    The  aircraft  electrical  system  is  made  up  of  many  circuits. 
These  circuits  are  divided  into  three  types  according  to  the  paths  by 
which  the  current  may  travel.    The  three  types  of  circuits  are: 

1.  Series 

2.  Parallel 

3.  Series-Parallel 
Series  Circuits 


Figure  77.    Series  Circuit. 

A  r«erie-«  circuit   Ls  one  in  which  two  or  more  units  of  resistance 
.ii,.  .  tunic-,  I  eJ  i'iul-c  t*-i'iitl  as  shown  In  figure  11. 

A  mm  i(*s  circuit  may,  therefore,  be  defined  as  a  circuit  in  which 
the  curteut  r  lows  In  only  one  path.     In  the  series  circuit,  the  current 
flow  Is  the  same  In  each  parr  of  the  cLrcuit. 

Parallel  Circuits 

it    is  often  necessary  to  connect  electrical  units  so  that  the  entire 
source  ol*  voltage  Is  applied  to  each  unit  of  resistance.    A  circuit  in 
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Figure  12.    Parallel  Circuit. 
which  two  or  more  units  of  resistance  are  connected  across  the  same 
source  of  voltage  is  a  parallel  circuit.    Figure  12  is  a  parallel  circuit 
It  consists  of  a  battery,  fuse,  switch,  ammeter,  and  three  electrical 
lamps  connected  in  a  parallel.    Note  that  the  current  which  leaves  the 
battery  breaks  up  into  three  parts  and  then  recombines  as  it  returns  to 
the  battery.     Parallel  circuits  have  more  than  one  path  of  current  flow. 
Series-Parallel  Circuits 
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Figure  73.    Series-Parallel  Circuit. 

Some  aircraft  electrical  circuits  are  a  combination  of  series  and 
parallel  circuits  known  as  series-parallel  circuits.  Series-parallel 
circuits  consist  of  some  units  connected  in  series  while  other  units 
are  connected  in  parallel.    See  figure  13. 


COCKPIT 


I 


ENGINE  COMPARTMENT 


LOAD  CIRCUIT 


CONTACT 
POINTS 


CONTROL  CIRCUIT 
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|         SOLENOID  COIL 


MOVABLE  CORE 


RETURN  SPRING 


Figure  14.    Relay  Switch. 
Relays,  or  relay  switches,  are  used  for  remote  control  of  circuits 
carrying  heavy  currents.    A  relay  is  connected  in  the  circuit  between  the 
unit  to  bo  controlled  and  the  nearest  source  of  power.    The  relay  is  located 
as  close  to  the  unit  to  be  controlled  as  possible,  thereby  making  the  heavy 
load  wires  as  short  as  possible.    Small  wires  are  used  from  the  cockpit  to 
the  control  terminals  of  the  relay.    Sec  figure  14. 
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By  using  relays,  the  large  diameter  load  cables  can  be  shorter, 
therefore,  reducing  the  weight  of  the  aircraft  electrical  system. 

A  considerable  amount  of  magnetism  results  from  heavy  current  flow 
in  large  cables.  If  these  magnetic  fields  were  allowed  in  the  cockpit, 
certain  instruments  would  give  false  or  incorrect  readings. 

When  the  switch  in  th£  control  circuit  is  closed,  a  small  amount 
of  current  will  flow  through  the  solenoid  coil.     This  current  flow  will 
result  in  magnetic  lines  of  force  around  the  movable  core.    The  magnetic 
field  (lines  of  force)  causes  the  core  to  move  down;  thus  closing  the 
contact  points  which  completes  the  load  circuit.    When  the  switch  in  the 
control  circuit   is  opened,  the  current  flow  through  the  solenoid  coil 
will  stop;  therefore,  the  magnetic  field  effect  is  lost.    With  no 
magnetic  effect,  the  return  spring  will  open  the  points,  stopping  the 
current  flow  in  the  load  circuit. 

SUMMARY 

Magnetism  of  the  permanent  and  temporary  magnets  makes  possible 
the  use  of  relays,  motors,  and  generators. 

Electrical  symbols  are  used  on  wiring  diagrams  to  save  time  and 
space.    In  electricity,   the  force  that  moves  "free"  electrons  is 
called  voltage.    The  "free"  electron  movement  is  called  current. 
Resistance  is  the  opposition  to  current  flow. 

A  continuous  flow  of  current  in  all  aircraft  electrical  circuits 
is  not  often  necessary.     Switches  and  relays  are  used  when  it  is 
necessary  to  start,  stop,  or  direct  the  flow  of  current  to  desired 
c  ircu I ts . 

The  electrical  system,   like  any  other  system  on  an  aircraft,  is 
subject  to  failures  and  malfunctions.     In  order  to  protect  the  electrical 
system,  fuses,  current  llmiters,  and  circuit  breakers  are  used. 

Conductors  are  used  to  transfer  electricity  from  one  point  to 
another.    A  material  containing  many  "free"  electrons  is  a  good 
conductor  while  those  containing  very  few,  if  any,  make  good  insulators. 

Various  size  cables  (conductors)  are  used  throughout  the  aircraft 
electrical  system.    The  load  (amperes)  required  to  operate  the  unit  in 
the  system  determines  the  size  of  wire  to  use.     The  wires  throughout  the 
electrical  system  can  be  identified  by  a  code.     This  code  consists  of 
numbers  and  letters,  and  is  very  useful  when  tracing  a  specific  electrical 
circuit . 

There  are  three  basic  types  of  circuits  used  in  the  aircraft 
electrical  systems.    The  path  of  current  flow  determines  if  the  circuit 
is  a  series,  parallel,  or  a  series-parallel. 

In  a  series  circuit,  there  Is  only  one  path  for  current  flow.  The 
parallel  circuit  has  more  than  one  path  for  current  flow.    The  series- 
parallel   is  a  combination  of  both  and  it  is  the  most  common  circuit  found 
In  an  aircraft. 
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QUESTIONS 

1.  Explain  the  difference  between  permanent  and  temporary  magnets. 

2.  Name  three  electrical  units  that  depend  on  magnetism  for 
operation.  ° 

3.  Draw  the  symbols  for  three  circuit  protection  devices. 

4.  Give  the  definition  for  each  of  the  following:  current 
voltage,  and  resistance. 

5.  What  are  the  three  purposes  of  a  circuit  control  device? 

6.  Explain  what  happens  to  a  fuse  when  the  current  flow  is 
greater  than  its  rated  amperage. 

7.  Give  a  reason  why  relays  are  used  in  circuits. 

8.  What  are  the  three  effects  of  current  flow? 

9.  Name  three  ways  that  a  voltage  can  be  produced. 
10.      Describe  the  use  of  the  following  meters: 

a.  Voltmeter 

b.  Ammeter 

c.  Ohmmeter 

d.  Continuity  meter 

U.      As  the  size  numbers  of  aircraft  electrical  cables  increase 
what  happens  to  the  diameter  and  amp  rating  of  the  wire? 

12       Where  would  you  find  the  wiring  diagram  for  a  specific 
aircraft  electrical  system?  v 

13.      How  many  paths  for  current  flow  is  there  in  a  series  circuit? 
H.      What  is  a  series-parallel  circuit? 

15.      If  one  light  bulb  in  a  parallel  circuit  burns  out,  would  the 
others  continue  to  burn?    Why?  wuuxu  me 

FUNDAMENTALS  OF  AC  ELECTRICITY 

INTRODUCTION 

In  the  DC  electricity  study  guide,  the  discussions  dealt  primarily 
with  direct  current.    Direct  current  has  some  applications  where  it  is 
more  useful  than  other  forms  of  electricity.     However,  DC  also  has 
certain  disadvantages  or  restrictions  which  limit  its  use.     If  you  will 
recall,  in  a  DC  circuit  current  moves  in  one  direction  only-from  the 
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negative  terminal  of  the  power  source,  through  the  circuit,  to  the 
positive  terminal  of  the  power  source.    In  alternating  current,  the 
current  flows  first  In  one  direction  and  then  in  the  opposite  direction. 

Where  possible,  alternating  current  has  largely  replaced  direct 
current  circuits  in  newer  aircraft  for  a  number  of  reasons,  namely; 

1.  AC  voltage  can  be  increased  or  decreased  very  efficiently 
with  transformers, 

2.  AC  devices  are  much  simpler  and  less  troublesome  than  DC 
dev  ices . 

3.  AC  units  are  lighter. 


A.      They  operate  more  efficiently  at  high  altitudes. 

AC  DEFINED 


Alternating  current  is  a  current  that  constantly  changes  in  value 
and  periodically  reverses  in  direction. 


Yesterday,  you  saw  voltage  produced  by  moving  a  bar  irtagnet  forward 
and  back  through  a  coil  of  wire. 

The  galvanometer  connected  to  the  coil  proved  that  alternating  current 
was  flowing  in  the  circuit.    The  pointer  on  the  galvanometer  moved 
gradually  to  the  right  as  you  moved  the  magnet  in  one  direction  and  moved 
gradually  to  the  left  an  you  moved  the  magnet  in  the  opposite  direction. 
Thi«  experiment  proved  that  when  magnetic  lines  of  force  are  cut  by  a 
conductor,  AC  voltage  Is  induced  in  the  conductor.     The  principle  of 
Inducing  a  voltage  involves  three  factors: 


1.  A  magnetic  field. 

2.  Electrical  conductors. 


3.      Relative  motion. 
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Also,  the  action  of  the  galvanometer  proved  that  the  DIRECTION  of 
induced  voltage  depends  upon  the  DIRECTION  it.  which  the  conductor  cuts 
the  lines  of  force.    THIS  IS  THE  PRINCIPLE  OF^C. 


FIELD 
POLF. 


FIELD  1 
POLE 

COLL f CT OR  , 
HINGS 


f'i"  ■  -•/ . 

Figure  IS.    Conditions  for  Producing  AC. 
Now  "picture11  a  coil  of  wire  rotating  on  a  shaft  between  the  poles 
of  ;i  permanent  magnet.    The  end  of  eac'   coil  is  connected  to  a  collector 
ring  and  n  galvanometer  is  attached  to  show  the  results.     See  figure  15. 
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In  the  position  shown  in  figure  15,  the  coil  is  not  cutting  the 
lines  of  force.    Therefore,  at  this  instant,  no  voltage  is  induced  in 
the  coil.    However,  as  the  rotor  turns,  it  cuts  lints  of  force  between 
the  magnetic  poles.    The  more  lines  of  force  being  cut,  the  more  the 
induced  voltage. 

During  each  revolution  of  the  rotor,  the  galvanometer  needle  will 
move  gradually  to  the  right  and  to  the  left  the  same  amount. 

Phase 

The  term  phase  is  the  relationship  of  two  or  more  voltages  which 
arc  produced  by  one  alternator.    When  only  one  voltage  is  produced  by 
an  alternator,  it  is  said  to  be  a  single  phase  AC.     If,  on  the  other 
hand,  three  voltages  are  generated  by  the  same  alternator,  we  say  it 
is  three  phase  AC. 

Capacitor  (or  Condenser) 

A  capacitor  is  a  device  consisting  of  two  conducting  surfaces 
separated  by  an  insulating  material.    The  conducting  surfaces  are 
known  as  plates  and  the  insulating  material  is  known  as  dielectric. 
In  an  electrical  circuit,  a  capacitor  serves  as  a  storage  place  for 
electricity.    When  the  capacitor  is  charged,  electrical  energy  is 
stored  in  the  electrostatic  field  that  exists  between  the  plates. 

Ca  pacitance 

Capacitance  is  the  ability  of  a  capacitor  to  store  electrical  energy. 
The  capacitance  of  a  capacitor  is  determined  mainly  by  these  three  factors; 
the  area  of  its  plates,  the  substance  used  for  the  dielectric,  and  the 
thickness  of  the  dielectric  or  the  distance  between  the  plates. 

COMPARISON  OF  AC  AND  DC 

Some  of  the  principles,  characteristics,  and  effects  of  alternating 
current  are  similar  Lo  those  of  direct  current.    Likewise,  there  are  a 
number  of  differences  and  these  differences  serve  as  a  basis  for  AC 
having  more  applications  than  DC. 

You  have  already  learned  that  direct  current  flows  constantly  in 
one  direction.    The  polarity  of  the  applied  direct  voltage  is  constant 
causing  the  electrons  to  move  through  the  circuit  in  one  direction  only. 
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Piinvc  11).    Current  Flow  in  an  AC  Circuit. 
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In  alternating  current,  the  electrons  move  through  the  circuit  in 
one  direction  for  a  short  period  of  time  and  then  they  move  back  in 
the  opposite  direction  for  a  like  period  of  time.    Think  back  on  the 
definitions  for  CYCI.K  ;nul  A1/IT.RNATI0N.    The  alternation  is  half  of  a 
cycle.    The  current  flows  In  one  il  (reel lou  during  one  alternation  and 
in  the  opposite  direction  during  the  other  alternation.     In  other  voids, 
on  each  alternation,  the  polarity  of  the  AC  applied  voltage  i-hany.es 
causing  the  current  flow  to  change  directions.     See  figure  1(>. 

In  direct  current,  the  opposition  to  current  flow  is  called 
RESISTANCE  and  is  represented  by  the  letter  R.    Most  of  the  resistance 
in  DC  circuits  is  the  resistance  of  circuit  components  such  as  a  light 
bulb,  electric  motors,  etc.    You  know  that  resistance  is  expressed  in 
terms  of  OHMS.    A  resistance  of  one  olim  limits  the  current  flow  to  one 
ampere  when  the  applied  voltage  Is  one  volt. 

In  alternating  current,  the  total  opposition  to  current  flow  is 
lllcJ  IMPEDANCE  and  Is  represented  by  the  letter  Z.     Impedance  is  also 
■.■  .r-^Sfi  Ivi  ti-rns  of  OHMS.     An  impedance  of  one  ohm  limits  the  flow 
-.5  &L*i-r:.ailiig  current   to  one  ampere  when  the  applied  AC  voltage  is  one 
volt . 

A  capacitor  in  an  AC  circuit  serves  as  a  reservoir  or  a  storehouse 
for  electricity.    The  capacitor  stores  its  energy  in  the  electrostatic 
field  that  exists  between  the  plates.    A  capacitor  BLOCKS  the  flow  of 
DC  current  and  serves  the  same  EFFECT  as  an  open  circuit. 

In  order  to  understand  the  operation  of  a  capacitive  circuit,  let's 
review  the  definition,  purpose,  and  physical  construction  of  a  capacitor 


A  rapaeitor  is  a  device  consisting  of  two  conducting  surfaces 
separated  hv  an  insulating  material.     Figure  17  shows  a  tubular  paper 
oipnr Iter. 

The  conductors  are  failed  the  plates  of  the  capacitor  and  the 
Insulating  material  is  failed  the  dielectric.  Some  of  the  various 
dlHivtr  Ii-h  used  In  capacitors  are  air,  oil,  mica,  and  impregnated  paper 


.47./:ijv  /;'.    Tubular  Paper  Capacitor, 
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The  purpose  of  a  capacitor  is  to  store  electrical  energy.  Its 
ability  to  store  electrical  energy  is  known  as  CAPACITANCE.  The 
capacitance  depends  upon  the  area  of  the  plates,  the  distance  between 
the  plates,  and  the  type  of  dielectric  material  used. 

TRANSFORMERS 

There  are  two  classes  of  transformers— voltage  transformers  and 
current  transformers.    Of  the  two  types,  the  voltage  transformer  is  the 
more  common  and  that  is  the  type  we  shall  deal  with  in  this  study  guide. 

A  voltage  transformer  is  a  device  used  to  step-up  or  step-down  AC 
voltage. 


The  transformer  Is  one  of  the  most  common  electrical  devices  used 
in  radio  and  radar  equipment.    Also,  by  using  transformers,  an  alternating 
voltage  can  be  stepped  up  for  the  transmission  of  power  over  a  long  power 
line  and  stepped  down  again  to  the  proper  value  for  the  consumer.  This 
procedure  is  used  to  minimize  the  loss  of  power  along  the  transmission  line. 

When  voltage  is  stepped  up,  current  is  stepped  down.    Therefore,  less 
current  flows  over  the  power  line  than  would  flow  if  the  power  were 
transmitted  at  a  voltage  rating  of  110  volts.    This  makes  it  possible 
to  use  smaller  conductors  for  the  transmission  line  which  permits  a 
great  saving. 

Since  transformers  are  designed  to  accomplish  so  many  1obs,  it  is 
apparent  that  a  basic  understanding  of  transformers  is  of  considerable 
importance. 

Transformer  Construction 

A  transformer  consists  of  three  parts: 

1.  Primary  Windings  (or  Coil). 

2.  Core  (usually  laminated  iron). 

3.  Secondary  Windings  (or  Coil). 


/•'/,/hjv  lit.    Cjimhol  for  a  lYanc former. 

Most   transformers  have  a  laminated  iron  core  which  strengthens  the 
magnetic  field  around  the  coils.    The  symbol  for  a  transformer  with 
an  Iron  core  Is  shown  in  figure  18. 

The  primary  coll  Is  always  connected  to  the  supply  voltage. 
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Figure  19.    Step-Up  Transformer. 

When  a  transformer  delivers  a  higher  voltage  than  the  applied 
voltage,  it  is  called  a  STEP-UP  transform  ~.    A  step-up  transformer 
must  have  MORE  turns  in  the  SECONDARY  C0I1    han  in  the  PRIMARY  COIL. 
See  figure  19. 


primary  -.««i»irttury 


Figure  20.    Step-Down  Transformer. 

When  a  transformer  delivers  less  voltage  than  the  applied  voltage, 
It  is  called  a  STEP-DOWN  transformer.    A  STEP-DOWN  transformer  must 
Have  FEWER  turns  in  the  SECONDARY  COIL  than  in  the  PRIMARY  COIL.  See 
figure  20. 

A  Few  Important  Facts 

In  either  a  step-up  or  a  step-down  transformer,  the  INPUT  side 
is  the  primary  and  the  OUTPUT  side  is  the  secondary. 

When  voltage  is  stepped  up,  current  is  stepped  down. 

A  transformer  will  operate  on  AC  because  in  AC,  the  magnetic  field 
is  always  in  motion.    Therefore,  a  transformer  in  AC  has  the  three 
elements  necessary  for  inducing  a  voltage;  namely, 

1.  Magnetic  Field 

2 .  Conductors 

Motion  (tin*  moving  magnetic  field  provides  the  motion) 

A  transformer  will  NOT  operate  on  pure  DC  because  in  pure  DC, 
the  magnetic  field  is  steady.    Therefore,  there  is  no  motion,  and  one 
of  the  elements  of  inducing  a  voltage  is  missing. 

The  turns  ratio  of  a  transformer  is  defined  as  the  ratio  of  the 
number  of  turns  of  the  PRIMARY  windings  to  that  of  the  SECONDARY  windings. 
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Figure  21.    3:1  Step-Up  Transformer. 

For  example,  in  the  transformer  shown  in  figure  21,  the  turns  ratio 
is  300/600  or  1:2  (1  to  2).  Since  there  are  more  turns  in  the  secondary 
coil  than  in  the  primary  coil,  the  transformer  is  a  1:2  step-up.  There- 
fore, two  facts  must  be  given  to  fully  describe  transformer  ratios: 

1,  The  ratio  of  the  turns, 

2.  Whether  the  transformer  Is  step-up  or  step-down. 

Mutual  induction,  as  defined  previously,  is  the  action  of  inducing 
a  voltage  In  one  circuit  by  varying  the  current  in  a  neighboring  circuit. 
In  a  transformer,  a  changing  current  through  the  primary  induces  a 
voltage  in  the  secondary,  and  a  changing  current  through  the  secondary 
induces  a  voltage  in  the  primary.    Therefore,  it  is  said  that  mutual 
induction  occurs  and  that  the  two  coils  have  mutual  inductance. 

The  above  facts  are  essential  to  your  understanding  transformer 
action. 


Transformer  Action 


AC  G!  Ml  AT  04 
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Figure  Tranoformer  Action. 

The  procc'HN  of  transferring  electrical  energy  from  one  circuit  to 
another  by  fleet  romnKiiet  lr  induction  is  called  transformer  action.  See 
flgurr  22. 
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Refer  to  figure  22  and  notice  that  a  lamp  is  connected  in  series 

with  coil  B.    Coil  B  is  the  output  side  of  the  transformer.    Also  notice 

that  an  AC  generator  (alternator)  and  a  switch  are  connected  in  series 

with  coil  A.    Coil  A  is  the  input  side  of  the  transformer. 

With  the  alternator  generating  AC  electricity  and  the  switch  closed, 
there  is  a  constant  buildup  and  collapse  of  a  magnetic  field  about  coil 
A.    By  a  process  of  mutual  induction,  electrical  energy  is  transferred 
from  coil  A  to  coil  B  causing  the  lamp  to  burn. 

Things  to  Remember  About  a  Transformer: 

1.  A  transformer  Is  used  to  step-up  or  to  step-down  AC  voltage. 

2.  The  parts  of  a  transformer  are:    primary  windings,  secondary 
windings  and  core. 

J.      The  turns  ratio  of  a  transformer  is  defined  as  the  ratio  of 
the  number  of  turns  of  the  primary  windings  to  that  of  secondary  windings. 

4.  Compare  the  input  and  output  voltage  to  determine  if  the 
transformer  is  a  step-up  or  a  step-down. 

5.  To  increase  voltage  through  a  transformer,  you  lose  current; 
to  decrease  voltage,  you  gain  current. 

6.  The  output  of  a  transformer  will  be  zero  when  connected  to  a 
pure  DC  voltage  source. 

SUMMARY 

In  a  DC  jircuit,  current  moves  in  one  direction  only.     In  an  AC 
circuit,  the  current  Ls  constantly  changing  in  value  and  periodically 
reversing  In  direction.    Although  both  AC  and  DC  current  is  used  on 
aircraft,  AC  1ms  certain  advantages  over  DC  in  many  cases.    Review  these 
advantages  listed  at  the  beginning  of  this  section  of  the  study  guide. 

The  terms  cycle,  alternation,  frequency,  amplitude,  and  other  terms 
listed  at  the  beginning  of  this  section  are  important  to  the  understanding 
of  alternating  current.    Study  the  definitions  of  these  terms  carefully 
so  that  you  may  have  a  full  understanding  of  each. 

The  alternator  (AC  generator),  like  the  DC  generator,  is  normally 
engine  driven.    The  source  of  AC  power  tor  the  aircraft  electrical  system 
is  normally  supplied  by  AC  generators  and  inverters.    The  most  common 
frequency  used  in  the  aircraft  AC  electrical  system  is  AOO  cycles. 

Transformers  arc  used  to  step-up  or  to  step-down  AC  voltage.  Since 
not  all  electrical  units  operate  on  the  output  voltage  of  the  AC  generator, 
transformers  are  used  In  various  aircraft  circuits. 

The  part  of  the  transformer  connected  to  the  input  source  of  power 
la  the  primary  and  the  output  is  the  secondary.    A  laminated  iron  core 
is  urted  to  increase  the  strength  of  the  magnetic  field  set  up  by  an 

265C 


6  IT 


electric  current.    Transformer  action  is  th*  process  of  transferring 
electrical  energy  from  one  circuit  to  another  by  electromagnetic  induction, 
In  a  step-up  transformer,  yeu  gain  voltage  and  lose  amps;  in  a  step-down 
transformer,  you  lose  voltage  and  gain  amps, 

QUESTION 

U      List  the  advantages  of  AC  over  DC, 

2,  Draw  an  AC  sine  wave  and  label  the  part  that  identifies  each 
of  the  following: 

a.  Cycle 

b.  Positive  Alternation 

c.  Negative  Alternation 

d.  Amplitude 

3,  What  is  transformer  action? 

4,  What  are  the  parts  of  a  transformer? 
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PROPELLER  ELECTRICAL  SYSTEM 

OBJECTIVE 

After  completing  this  study  guide  and  your  classroom  instruc- 
tion, you  will  be  able  to  identify  hazards  of  electrical  circuits 
and  components  of  the  electrical  control  system  used  to  actuate  or 
control  the  propeller. 

INTRODUCTION 

The  turbopropeller  is  a  hydraulically  operated  propeller,  but 
many  of  the  components  that  are  used  in  the  hydraulic  system  must 
be  actuated  electrically.    This  study  guide  vill  explain,  briefly, 
the  electrical  control  system  and  related  components. 

INFORMATION 

This  study  guide  contains  information  on  the  components  of 
the  propeller  electrical  system  that  are  used  to  control  or  indicate 
that  the  electrical  system  is  being  operated. 

CONDITION  LEVERS 

The  condition  levers  serve  primarily  as  a  feathering  and  un- 
feathering  control.     Each  condition  lever  is  linked  to  the  engine 
coordinator  and  only  moves  the  (alpha)  input  shaft  when  it  is  placed 
in  the  feather  position.    The  air  start  circuit  is  energized  when 
the  condition  lever  is  pushed  full  forward  and  held  in  this  position. 
Ground  or  static  operation  is  obtained  in  this  manner.    This  position 
vill  energize  the  auxiliary  motor.    Hie  other  positions  of  the  condi- 
tion lever  are  used  to  control  the  engine.    These  positions  are 
Ground-Stop  and  Run. 

FIRE  EMERGENCY  CONTROL  HANDLE 

There  are  two  warning  lights  in  each  fire  emergency  control 
handle.    One  light  will  blink  or  flash  when  the  thermal  detectors 
are  overheated.    The  other  warning  light  will  burn  steady  when  a 
fire  is  detected.    The  fire  emergency  handle  is  pulled  to  feather  the 
propeller  electrically.     It  also  completes  the  following  circuits: 
(1)  closes  the  fuel  control  shutoff  valve,  (2)  closes  the  engine  oil 
ahutoff  valve,  (3)  closes  the  fire  wall  fuel  shutoff,  (4)  renders 
the  engine  start  system  inoperative,  (5)  positions  the  fire  extin- 
guisher systems  control  valves,  and  (6)  arms  the  extinguisher  agent 
discharge  switch. 
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Figure  1.    Propeller  Feathering  and  Air  Start  Control 
Circuit  Schematic  Diagram. 

The  electrical  system  for  emergency  fire  feather  is  similar  to 
the  normal  electrical  system.     See  figure  1. 

FEATHER  OVERRIDE  BUTTONS 

The  four  feather  override  buttons,  each  provides  a  means  for 
manually  stopping  the  auxiliary  pump  of  each  propeller.    When  the 
condition  lever  Is  pulled  to  feather  or  the  fire  emergency  handle 
is  pulled,  a  circuit  Is  completed  through  the  button  to  ground. 
The  button  pulls  in  automatically  and  remains  in  until  the  propeller 
is  completely  feathered.     If,  for  some  reason,  we  wanted  to  stop 
this  feathering  action,  we  would  simply  pull  out  on  the  override 
button. 


LOW  OIL  WARNING  SYSTEM 

The  low  oil  warning  light  system  indicates  when  one  or  more  of 
the  propeller  systems  Is  low  of  oil  and  it  also  indicates  which 
of  the  props  Is  low.     No  provisions  are  provided  for  replenishing 
no  for  several  external  leaks,  the  propeller  would  have  to  feather 
and  the  engine  shut  down  or  the  propeller  would  be  operated  in  a 
pitch  lock  condition. 
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FEATHER  VALVE  AND  NEGATIVE  TORQUE  SIGNAL 
CHECK  SYSTEM 


When  the  feather  valve  and  NTS  check  switch  Is  In  the  "valve 
position,"  it  complete*  a  circuit  from  the  DC  bus  through  the  feather 
valve,  NTS  check  lights  and  to  the  contacts  of  each  NTS  check  rela>  . 
Then  it  continues  on  to  the  feather  valve  check  switch  in  each  of  the 
control  assemblies.     If  the  feather  valve  is  positioned  for 
feathering  the  propeller,  it  completes  the  circuit  on  the  ground. 
The  light  will  come  on  indicating  the  feather  valve  has  been  posi- 
tioned mechanically  in  the  control  assembly. 

When  the  feather  valve  and  negative  torque  system  (NTS)  switch 
is  placed  to  the  "negative  torque  system  (NTS)  position,"  two 
circuits  are  completed. 
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Figure  2.     Feather  Valve  and  NTS  Check  Circuit  Schematic  Diagram. 

One  is  to  the  check  light  and  to  the  NTS  check  relay  points. 
The  other  circuit  goes  to  the  check  relay  coll.     When  the  linkage 
from  the  engine  signals  an  NTS  condition  the  NTS  plunger  actuates  a 
linkage  which  closes  the  NTS  switch.     The  NTS  switch  completes  a 
circuit  to  ground  for  the  NTS  check  relay  coil  and  energizes  the 
relay.    The  relay  will  remain  energized  and  the  light  will  remain 
on  as  long  as  the  check  switch  stays  in  the  "NTS  position."  See 
figure  2. 
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SUMMARY 


The  electrical  system  consists  of  the  circuits  needed  to  feather, 
unfeather,  and  air  start  the  pcopeller.    This  can  be  done  with  the 
condition  lev^r  or  the  fire  emergency  handle.    To  check  the  feather 


ERIC  660 


valve  and  the  NTS  circuit  for  operation,  an  electrical  system  is 
Incorporated  to  test  these  areas  by  using  switches  in  the  aircraft. 

QUESTIONS 

1.  What  control  is  used  to  feather  the  propeller? 

2.  What  is  the  purpose  of  the  feather  override  button? 

3.  Where  does  the  <*oil  on  the  feather  override  button 
ground? 
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room  instruction, 
ondition  lever 
its  using  the  air- 


EQUIPMENT 


Assorted  colored  pencils 


Basis  of  Issue 
1  set/student 


Project  1 


PROCEDURE 


The  following  components  are  necessary  for  normal  feather 
ntify  component  on  No.  1  propeller  by  number  as  you  locate  i 
figure  1.  ' 

1-  Bus  bar  28V  DC 

2.  Condition  lever  feather  switch 

3.  Feather  relay 

4.  Feather  override  switch 

5.  Pressure  cutout  switch 

6.  Pressure  back-up  switch 

7.  Feather  solenoid 

8.  Feather  pump  motor  relay 

9.  Bus  bar  200V  AC 

10.      Auxiliary  pump  motor 
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In  order  to  progress  smoothly  from  a  schematic  di 
figure  1  to  a  wiring  diagram,  find  the  same  comp 
wiring  diagram,  as  you  have  on  the  schematic  diag 
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Project  2 

PROCEDURE 

The  following  components  are  necessary  for  emergency  feather. 

Identify  each  component  by  number  as  you  locate  it  in  the  wiring 
diagram.    Use  No.  2  propeller. 

1.  Bus  bar  and  28V  DC  circuit  breakers   

2.  Fire  emergency  control  handle   

3.  Feather  relay   

4.  Feather  override  switch  connector   

5.  Pressure  cutout  switch  connector   

6.  Pressure  back-up  switch  connector   

7.  Feather  solenoid  connector   

8.  Feather  pump  motor  relay   

9.  Bus  bar  and  200V  AC  circuit  breakers   

10.      Auxiliary  pump  motor  connector   

Project  3 

PROCEDURE 

The  following  components  are  necessary  for  airstart.  Identify 
each  component  by  number  as  you  locate  it  on  the  wiring  diagram  for 
No.  3  propeller. 

1.  Bus  bar  and  circuit  breaker  28V  DC   

2.  Condition  lever  airstart  switch   

3.  Feather  relay   

4.  Feather  pump  motor  relay   

5.  Bus  bar  and  circuit  breaker  200  UAC   

6.  Auxiliary  pump  motor   
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PROCEDURE 


Project  4 


CIRCUIT 


1.  Override  button  pull-in 

2.  Override  button  holding 

3.  Light  -  Override  button  handle 

4.  Auxiliary  pump  relay 
Auxiliary  pump  motor  (200  VAC) 
Feather  relay  (K50)  pull-in 
Feather  relay  holding 
Feather  solenoid 

•Feather  relay  has  two  circuits,  but  in  troubleshooting 
they  appear  to  be  the  same.  K 


5. 
6. 
7. 
8. 


COLOR  CODE 
Red 

Orange 
Yellow 
Brown 
Green 
Blue* 
Blue* 
Purple 


PROCEDURE 


Project  5 


f^fh"36  C°l0red  PenCils  33  indicated  and  trace  the  fire  (emergency) 
diagram.0156""0"31  °"  *•  2  «  *.  wiring  §  ^ 


CIRCUIT 

COLOR 

1. 

Override  button  pull-in 

Red 

2. 

Override  button  holding 

Orange 

3. 

Light  in  override  button 

Yellow 

4. 

Auxiliary  pump  relay 

Brown 

5, 

Auxiliary  pump  motor 

Green 

6. 

Feather  relay  pull-in 

Blue 

7. 

Feather  relay  holding 

Blue 

8. 

Feather  solenoid 

Purple 

Project  6 

PROCEDURE 


1.  Auxiliary  pump  relay 

2,  Auxiliary  pump  motor 


Red 
Blue 


P  FEATHER  PUMP 
MOTOR  ENGINE 
NO.  I 

0a@S 


FEATHER  PUMP 
MOTOR  RELAY 
ENGINE  NO.l 


NO. I  PROPELLER 
CONTROL  ASSEMBLY 


ESSENTIAL 
AC  BUS 
|  200V  AC  j 

PILOTS  SIDE 
CIRCUIT  BREAKER 
PANEL 


FEATHER  AND  ^ 

AIR  START 
PROP.  NO.l 


LEFT-HAND  DISTRIBUTION 

AIR  START  | 
v 


I.  NO.  I  CIRCUIT  SHOWN,  OTHER  THREE  ARE  IDENTICAL 

SWITCH  OPEN  WHEN  PROPELLER  BLADE  ANGLE  IS 
BETWEEN  FEATHER  AND  APPROXIMATELY  86  DEGREES. 
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EMER  FEATHER 
i,  PROP.  NO.  I 

J  ESSENTIAL 
I  DC  BUS 

j   28V  DC  J 

copilot  sTde~ 

CIRCUIT  BREAKER 
PANEL 


NO.l  FIRE 
EMERGENCY 
HANDLE 

FIRE  EMERGE NC7 
CONTROL  PANEL 


AUXIUARY 
PUMP 
MOTOR 


Figure  1, 


COPILOT'S  SIDE  SHELF 
Feather,  Airstart  Wiring  Diagram. 
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A  lm        T0  «  KOUTEO  SEPARATELY. 

&  WIRES  4  CONNECTORS  PART  Of  RECUUTEO  ASSY. 

J.  PC*  ITEM  <OENTIrlCATION  SEE  lTEM  LIST,  TAIU  |.|. 

4.  ALL  WIRES  ON  THIS  DIAGRAM  MUST  IE  KEPT  A 
MINIMUM  OP  SIX  INC HiS  FROM  SENSITIVE  WIRES. 

4k  ALL  WIRES  IN  THIS  CONDUIT  TO  K  TWISTED  2  TO  3 
TURNS  PER  POOT  AND  TWIST  TO  EXTENO  A  MJNliwuyi 
OP  ONE  POOT  RCYONO  CONOUIT .  ^ 

^  AU  WIRES  IN  THIS  CONOUIT  TLRU  COVERED  WITH 
GENCOTE  NO.  135  TYPE  564  ASIESTOS  SLEEVING 
GENERAL  PLASTIC  CORP*  PATTERSON,  NEW  JERSEY. 

T   &  THIS  SWITCH  POSITION  IS  FOR  CONDITION  LEVER 
1  IN  AIR  START,  RUN  I  GRD  STOP. 

^  THIS  SWITCH  POSITION  IS  FOR  CONDITION  LEVER 
IN  FEATHER . 

A  THIS  SWITCH  POSITION  IS  FOR  CONDITION  LEVER 
IN  RUN,  GAD  STOP  I  FEATHER . 

THIS  SWITCH  POSITION  IS  FOR  CONDITION  LEVER 
IN  AIR  START. 

WIRE  TO  IE  PE  400  (PACKARD  ELECTRIC  WARREN, 
OHI  O). 

4&  SAFETY  WIRE  THIS  PLUG,  INSTALL  LS7WM  RED  DOT 
DECAL  ON  ADJACENT  STRUCTURE . 

13.  INSTALL  WIRES  PER  MIL-W-50*. 

^PROVIDE  SEPARATE  GROUNDS. 

^ENTIRE  LENGTH  TO  IE  ENCLOSED  IN  VINYL  TURING. 

^ALL  WIRES  SHOWN  ON  TERM.  CI,  II,  A)  ON 
MS34I92DI  ARE  TERMINATED  ON  TERM  LI,  U  L3 
RESPECTIVELY  ONAM33?«.i  •rijty.  ALL  WIRES 
SHOWN  ON  TERMINALS  C2,  12,  A2  ON  MS24I92DI 
REUY  ARE  TERMINATED  ON  TERMINALS  Tl,  T2,  T3 
RESPECTIVELY  ON  ANJ33t-l  RELAY. 


Figure  2.     Propeller  Feather  and  Air  Start  Cc 
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PROPELLER  CONTROL  ASSEMBLY 


OBJECTIVE 


After  completing  this  study  guide  end  your  classroom  instruction, 
you  will  be  able  to  explain  propeller  control  system  construction 
features,  function  &nd  operating  principles,  and  disassembly  and 
reassembly  of  the  control  assembly* 

INTRODUCTION 

The  propeller  control  assembly  is  a  non-rotating  unit  mounted  on  the 
hub  extension.    A  drive  bracket  assembly  mounted  on  the  gearbox  of  the 
engine  will  keep  the  control  assembly  from  rotating.    The  control  assembly 
contains  the  hydraulic  oil  supply,  pumps,  valves,  and  components  to 
operate  the  propeller  pitch  changing  mechanism. 

INFORMATION 

The  control  assembly  is  divided  into  two  main  sections,  the  pump 
housing  and  valve  housing.    When  disassembling  thu  control  assembly,  tV>te 
are  several  steps  which  must  be  followed  for  safety  and  FOD  prevention. 


The  control  assembly  has  two  miin  sections,  the  pump  housing  and  the 
valve  housing.    See  figure  1. 


CONTROL  ASSEMBLY 


Figure  1. 


Control  Aesembly 


or*:  JJ50  ram: 
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PUMP  HOUSiNG 


Pu»p,^iJ^:^pg  "nt8a^dfive  «"*  typ.  pumps.    They  are  th.  main 
.c^„  pu£     Th*  SiiUTJ  7  PUmP'  *uxiliary  P«»P.  *nd  auxiliary 
by  th.  luxiT?-™^!/  7  PUttpB  *re  10  *  8ln8le  unit  housing  driven 

Passaee.  in  £ran8fer  bearing.    Oil  pressure  passes  through 

s^i^cSsjtslst:  i the  rotating  sieeve  c°  get  f"m 

rotating  SSt^TLS^SS  C°  ^  r?C"in*  P*°P«"«r.  bunted  on  the 
Puws.^in  .c.vin8:  *■  «~  gears  of  the  .in 

hydr.^lLr"l"yrcon«o°neritf  Ki8/OCated  in  the  pump  housing.  This 

This  cau.es  a  pr^ure  bS'ld™  J?  \         "OP  ring  C0nt4Ct8  the  8toP  lu*8' 
opan.  the  riiSSS^SafL^K  M^S**"         Pre88U"  CUtOUt  6witch' 
the  f..ther  cycle  the  feath'r  overrid«  button,  and  terminate. 


magnet  is 
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A  pulse  generator  coil  is  mounted  on  the  pump  housins  A 

VALVE  HOUSING 

and  d^ct'oll  ^  nec**8ary  ^Ives  and  cams  t0  control 

cipation  pot^SS?  £t£  J^^^*"  ^ 

"I?'  Jl.de  angle,  ground  g^erni^aX  " 

S"  ELJS'  thrrgh         fUler  C8P«  80aetia*8  referreST^s  the  'C 
cap,    located  on  the  valve  housing  cover.  8 

The  valve  housing  can  be  replaced  without  removing  the  propeller. 

2  Sffwit s  sz  tsar. , 

INSPECTION 

d.t.cteIv^c^8?eCti0n1Peri0d8  Wil1  mll°W  "intenance  personnel  to 
of  HI  IrATTf  LlJZ?1**  °l  C°ntr01  failure'    Listedhere  are  some 

araa.  of  inspection  performed  to  prolong  the  life  of  the  equipment. 

and  o^^"^  ^T^J^  "  *  ™« 

to  locrtnetoe?.^hsft°rller,bJade8  Wh±le  th°  ri**in*  Pin8  8"  ^-tailed 

prevent  burning  out  resistors  in  the  synchrophaser. 
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With  a  low  fluid  supply  the  pressure  cutout  switch  will  not  stop  the 
auxiliary  motor  at  the  completion  of  feather.    This  could  burn  out  the 
motor.    You  should  allow  two  minutes  after  propeller  operation  before 
opening  the  filler  cap  to  check  oil  level.    This  will  allow  the  pres- 
sure to  bleed  off. 

The  general  condition  of  the  control  should  be  checked  and  any 
accumulation  of  grit  or  dust  removed. 

The  mechanical  linkage  to  the  control  should  be  checked  for  proper 
fit  and  security  and  rigging. 

Electrical  receptacles  should  be  disconnected  at  the  control  and 
the  contact  holes  and  pins  checked  for  corrosion. 

The  fluid  level  of  the  control  should  be  checked  at  phase  inspection 
periods,  after  every  150  hours,  or  if  there  is  evidence  of  oil  leakage. 

The  supply  and  standby  filter  should  be  removed  and  thoroughly  cleaned 
every  150  hours  and  after  the  first  25  hours  of  operation  on  a  new  control. 

Inspect  for  external  leakage  at  the  base  of  the  valve  housing  cover, 
at  the  drain  plug,  at  the  front  and  rear  rotating  seals  and  at  the  cover 
seals. 

The  brush  block  assembly  should  be  removed  from  the  control  housing 
and  the  brushes  inspected  for  freedom  of  movement  and  brush  wear. 
TO  3H1-18-2  or  TO  lC-;130B-2-ll  specifies  minimum  brush  leugth. 

TURB0C0NTR0L  MECHANICAL  LINKAGE 

All  mechanical  and  electrical  linkages  necessary  for  propeller 
operation  are  connected  to  the  control  assembly.    The  mechanical  linkages 
are  the  negative  torque  system  (NTS)  bracket  and  linkages  from  the  engine 
coordinator  to  the  input  control  shaft. 

OPERATION 

Throttle  Lever 

Each  throttle  (figures  2  and  3)  is  mechanically  linked  through  the 
engine  coordinator  to  an  input  shaft  (alpha  shaft)  on  the  propeller  control 
assembly.    When  the  throttle  is  in  the  governing  range,  between  flight 
idle  and  takeoff,  the  input  shaft  rotates  with  the  throttle  movement. 
It  has  no  effect  on  propeller  speed  (RPM)  except  throttle  anticipation 
and  speed  stabilization  action.    When  the  throttle  is  below  flight  idle, 
movement  of  the  throttle  is  transmitted  to  the  pilot  valve  to  provide 
for  a  positioning  of  the  pilot  valve  to  give  a  desired  beta  angle.  When 
the  throttle  is  at  maximum  reverse,  the  blade  angle  is  as  far  into  reverse 
*•  it  can  go  hydraulically .    Negative  torque  system  (NTS)  and  synchrophasing 
are  blocked  out  of  the  operation  when  the  throttle  is  in  the  beta  range. 
This  is  done  by  a  switch  in  the  throttle  pedestal  and  the  manual  feather 
cam  in  the  control  assembly. 
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THROTTLE  OR  POWER  LEVER 


CONDITION  LEVER 


Figure  2.    Throttle  and  Condition  Lever. 


condition  levers 


throttle 


r 


Figure  3.    Throttles  and  Condition  Levers. 
Engine  Condition  Levers 

The  condition  levers  serve  primarily  ss  s  feathering  snd  unfeathering 
control.    See  figures  2  snd  3.    Each  condition  lever  is  linked  to  the 
engine  coordinator  and  only  moves  the  (elphs)  input  shaft  when  it  is 
Placed  in  the  feather  position.    The  air  start  circuit  is  energized  when 
the  condition  lever  is  pushed  full  forward  and  held  in  this  position. 
Ground  or  static  operation  is  obtained  in  this  manner.    This  position 
will  energise  the  auxiliary  motor.    The  other  positions  of  the  condition 
lever  sre  used  to  control  the  engine.    These  positions  are  Ground-Stop 
and  Run. 

Anticipation  Potentiometer 

Movement  of  the  power  lever  actuates  the  anticipation  potentiometer. 
A  sudden  or  rapid  movement  of  the  power  lever  causes  the  potentiometer  to 
send  a  signal  to  the  synchrophaser  calling  for  a  fsst  pitch  change.  This 
blade  angle  change  varies  the  load  on  the  engine  before  the  engine  has  a 
chance  to  overspeed  or  underspeed.    In  this  manner,  closer  control  of 
engine  speed  is  maintained. 

Servo  Bias  Motor 

The  tension  on  the  speeder  spring  is  normally  set  at  .100%.  Varia- 
tions from  this  setting  sre  obtained  by  operating  the  servo  bias  motor. 
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When  an  out  of  phase  or  off speed  condition  exists ,  the  synchrophaser  sends 
a  signal  to  the  servo  bias  motor  causing  it  to  change  the  position  of  the 
pilot  valve. 

Feather  and  NTS  Check  Switches 

These  switches  are  used  during  a  ground  check  of  the  propellers  to 
determine  if  the  feather  and  NTS  operations  are  functioning  properly.  If 
the  feather  linkage  shifts  the  feather  valve ,  a  switch  is  closed  to  provide 
ground  for  an  indicator  light.    If  the  NTS  plunger  is  actuated ,  a  switch 
closes  and  grounds  an  indicator  light.    When  these  lights  illuminate,  we 
know  that  the  systems  are  operating.    Feather  will  be  checked  during  static 
operation  and  NTS  will  be  checked  during  engine  shutdown. 

Alpha  and  Beta  Shafts 

The  correct  operation  of  the  turbocontrol  depends  greatly  on  the 
alpha  and  beta  shaft  and  the  cams  operated  by  each  shaft.    An  understanding 
of  their  function  in  the  control  is  recommended  to  enable  you  to  fully 
understand  the  operation  of  the  control. 

Movement  of  the  alpha  shaft  is  received  from  Che  engine  coordinator. 
Four  cams  are  mounted  on  this  shaft.    They  are  the  manual  feather  cam, 
speed  set  cam,  beta  set  cam,  and  alpha  backup  cam. 

The  manual  feather  cam  actuates  mechanical  linkage  to  the  feather 
valve  and  feather  actuating  valve  for  feathering.    A  secondary  function 
of  this  cam  is  to  block  out  NTS  correction  in  the  beta  range. 

The  speed  set  cam  provides  110-114Z  rpm  setting  on  the  speeder  spring 
when  the  power  lever  is  below  flight  idle.    Normal  constant  speed  control 
is  then  lost  and  blade  angle  scheduling  takes  over. 

The  beta  set  cam  controls  the  positioning  of  the  pilot  valve.  As 
the  throttle  lever  is  moved  within  tha  beta  range,  movement  is  transmitted 
to  the  beta  set  cam.    The  pilot  valve  is  moved  to  an  off-speed  condition 
and  a  rapid  blade  angle  change  occurs.    When  the  blades  reach  tv<e  desired 
scheduled  angle,  the  pilot  valve  is  repositioned  to  "on  spee^,  '  With 
the  throttle  lever  in  takeoff  position,  the  beta  set  cat*  mechanically 
prevents  an  angle  lower  than  28  degrees  should  the  governing  system  fail. 

The  alpha  backup  cam  opens  the  backup  valve  to  direct  hydraulic  pres- 
sure to  the  spring  side  of  the  low  pressure  relief  valve.    This  action 
provides  sufficient  pressure  to  hold  the  low  pressure  relief  valve  closed. 
This  allows  the  system  pressure  to  buildup  and  shift  the  servo  valve, 
providing  the  propeller  with  sufficient  pressure  to  enter  the  beta  range. 

Beta  Shaft 

Unlike  the  alpha  shaft,  the  beta  shaft  gets  its  turning  force  from 
the  actual  blade  angle  change  through  the  beta  feedback  gear  on  No.  1 
blade  and  the  differential  gearing  in  the  control.    Located  on  this  shaft 
are  three  cams:    the  pressure  cutout  switch  backup  cam,  the  beta  followup 
cam  and  the  beta  backup  cam.    The  pressure  cutout  switch  backup  cam  will 
be  used  as  a  mechanical  parallel  ground  for  the  pressure  cutout  switch. 
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During  feathering,  pressure  surges  could  build  up  high  enough  to  actuate 
the  pressure  cutout  switch  and  terminate  the  feathering  operation  too  soon. 
To  prevent  this,  an  extra  ground  is  provided  through  the  pressure  cutout 
switch  backup  cam  up  to  approximately  86*  blade  angle.    After  the  blade 
angle  passes  this  point,  the  ground  for  the  feather  override  button  is 
provided  by  the  pressure  cutout  switch  only. 

Beta  Followup  Cam 

The  beta  followup  cam  works  in  conjunction  with  the  beta  set  cam.  It 
repositions  the  linkage  controlling  the  position  of  the  pilot  valve  in 
the  beta  range.    The  pilot  valve  is  moved  to  the  "onspeed"  condition  when 
the  beta  angle  agrees  with  the  beta  schedule  of  the  beta  set  cam. 

Beta  Backup  Cam 

The  beta  backup  cam  actuates  the  backup  valve.    This  directs  pressure 
to  back  up  the  low  pressure  relief  valve.    Now  the  pressure  can  build  up 
high  enough  to  unfeather  (airstart)  the  propeller.    A  high  pressure  is 
required  to  move  the  stop  ring  from  behind  the  feather  locks.    This  backup 
action  occurs  at  30°  blade  angle  to  full  feather  angle.    The  condition 
lever  is  placed  in  air  start  and  the  auxiliary  motor  and  pump  will  be 
operating. 

Hydraulic  Operation 

Hydraulic  fluid  is  pressure  fed  from  the  pressurized  sump  into  the 
main  pump  and  standby  pump.    Approximately  25  quarts  of  fluid  is  used  to 
operate  the  propeller.    The  pressure  is  controlled  in  the  pressurized 
s  sump  by  a  sump  relief  valve.    It  has  a  setting  of  15-20  psi.    Cooling  is 

provided  when  the  fluid  is  returned  from  the  propeller.    It  passes  through 
a  passage  next  to  the  external •  cooling  fins.    Here  the  heat  is  dissipated 
when  the  air  passes  over  these  fins. 

The  atmospheric  sump  will  collect  all  internal  leakage  and  lubricating 
oil.    This  collected  leakage  will  be  pumped  back  to  the  pressurized  stomp 
by  the  scavenge  pump.    In  this  manner,  no  loss  of  hydraulic  fluid  is 
experienced.    A  float  switch  is  located  in  the  pressurized  sump.    It  is 
used  to  complete  a  circuit  to  indicator  lights  in  the  cockpit.    This  will 
indicate  that  the  oil  level  in  the  control  is  low.    The  circuit  will  be 
completed  when  the  oil  level  drops  two  quarts  below  the  normal  full  position. 
A  dip  stick,  located  under  the  filler  cap,  is  provided  for  ground  checking 
the  fluid  level.    The  control  is  also  serviced  at  this  point.    A  drain 
plug  is  located  in  the  bottom  of  the  pump  housing. 

A  differential  gear  train  is  located  in  the  pump  housing.    It  trans- 
mits the  movement  of  the  #1  beta  feedback  gear  to  the  beta  shaft  in  the 
valve  housing.    This  is  the  beta  range.    This  compares  the  actual  angle 
of  the  #1  blade  with  the  desired  angle  scheduled  from  the  alpha  shaft. 

Pilot  Valve 

The  pilot  valve  directs  hydraulic  pressure  to  and  from  the  dome 
during  normal  constant  speed  and  beta  operations.    Centrifugal  force  and 
speeder  spring  tension  are  used  for  the  positioning  and  movement  of  the 
pilot  valve.    The  bleed  from  the  standby  valve  is  controlled  by  the  position 

7 

Egfe  67C 


IL  S,!? 0t1v*1™'    W»n«ver  more  than  IX  offspeed  condition  i«  present, 

the  standby  check  valve.    Pressure  from  the  standby  system  enters  the 

ST JESTS  H878r  f°r  V**  bl*de  *a8le  rMpo"e-    In  "^  Lnner 
cne  engine  is  held  on-speed. 

direct1;*  fea^"  °r1NTS'  (ne**tiv«  tor1u«  »y«am)  oil  pressure  is 
directed  to  a  pilot  valve  positioning  chamber.    This  is  to  position  the 

k    r  ^  Ca8%°f  fMther  V*lve  failur«-    Ia  w«ds,  the  pilot 

valve  back,  up  the  function  of  the  feather  valve  in  case  of  malfunction. 

fn.^0""1  8?*eJer/P^in8  tension  is  100X  rpm.    Snail  variations  of 
tension  can  be  obtained  to  allow  synchrophasing  of  the  propeller. 

-h.  ^Jati0n,°f  the  "y**1**"  i!»  received  from  the  rotating  sleeve  and 
^ripeurr^ed8?"  ^    ^  *8  *» 

Feather  Valve 

The  feather  valve  directs  hydraulic  pressure  to  and  from  the  propeller 
for  feathering  and  NTS  correction.    There  are  two  ways  the  pilot  can 
feather  the  propeller.    One  is  placing  the  condition  lever  to  the  feather 
position.    The  other  is  by  pulling  out  on  the  fire  control  handle. 

Th.  ,!l!e^e*ther  V*1V*  be  8hift8d  "•ch*»ically  °r  by  hydraulic  pressure. 
£L  I?    ^  D0Ve8  the  Mch*nic*1  l^kage  to  the  engine  coordinator. 

From  there  the  linkage  connects  to  the  input  shaft  on  the  valve  housing. 

flSlf!  *  the  n8nuul  feath«  c*»  Positions  the  feather  valve  to 

teather  Also  when  the  condition  lever  is  placed  in  feather,  a  switch 
is  actuated  This  initiate,  electrical  feathering.  The  solenoid  valve 
flSrZll*    ?    C°  0il  Pre"ure  c°  ^e  positioning  chamber  of  the 

llil    4  VaJVe'    l\V±11  8hift  f°r  f"th«ing.    Spring  tension  keeps  this 
valve  in  the  normal  position  when  feathering  is  not  required. 

High  Pressure  Relief  Valve 

Excessively  high  pressure  is  prevented  in  the  propeller  by  the  hieh 
pressure  relief  valve.    A  setting  of  1250  +  125  psi  will  allow  normal 
operating  pressures.    Pressure  greater  than  that  will  be  relieved  back 
into  the  pressurized  sump. 

Low  Pressure  Relief  Valve 

The  low  pressure  relief  valve  will  control  the  hydraulic  pressure 
according  to  the  demands  of  the  propeller.    The  selector  valve  will  pro- 

!  Pa"age/°r  °,n  p"88ure  Co  back  "P  the  low  pressure  relief  valve. 
This  hexps  hold  it  closed.  Thin  is  done  when  a  higher  pressure  is  needed 
in  the  system. 

Solenoid  Valve 

The  solenoid  valve  is  electrically  energized  by  the  condition  and/or 
the  fire  emergency  handle  during  feather  operation.    This  valve  will  pro- 
vide an  oil  passage  to  position  the  feather  valve  and  the  pilot  valve  to 
the  feather  position. 
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Fetthtr  Actuating  Valve 

The  feether  linkage  and/or  the  NTS  linkage  can  position  the  feather 
actuating  valve.    This  valve  provides  a  passage  to  hydraulically  position 
the  feather  valve  and  the  pilot  valve. 

SUMMARY 

The  control  assembly  houses  the  mechanism  to  produce  the  hydraulic 
pressure,  direct  it  to  the  propeller  and  limit  the  pressures  under  most 
operating  conditions. 

The  condition  lever  and  power  lever  will  control  the  normal  governing 
beta  and  feathering  operations.    These  controls  will  affect  the  propeller 
both  electrically  and  mechanically.    This  is  to  provide  a  margin  of  safety 
in  propeller  control. 

TURBOCONTROL  COMPONENTS 

1.      Pump  Housing 

a.      External  Components 


(1) 

Cooling  Fins 

(2) 

Control  Drive  Bracket 

(3) 

Filler  Cap/Dip  Stick 

(4) 

Drain  Plug 

(5) 

Seal  Plate 

Internal  Components 

(1) 

Stationary  Sleeve 

(2) 

Rotating  Sleeve 

(3) 

Main  Pump 

(4) 

Main  Scavenge  Pump 

(5) 

Auxiliary  Pump 

(6) 

Auxiliary  Scavenge  Pump 

(7) 

Standby  Pump 

(8) 

Differential  Gear  Train 

(9) 

Oil  Float  Switch 

(10) 

Pressure  Cut-out  Switch 

(11) 

Pressurised  Sump  Relief  Valve 
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Valve  Housing 

a.      External  Components 


b. 


(1) 

Input  Shaft 

(2) 

NTS  Lever 

(3) 

Oil  Filter 

(4) 

Cannon  Plugs 

(5) 

Gas  Cap 

(6) 

Access  Cover 

Internal  Components 

(1) 

Pilot  Valve 

(2) 

Fly  Weights 

(3) 

Speeder  Spring 

(4) 

Feather  Valve 

(5) 

Feather  Solenoid  Valve 

(6) 

Feather  Actuating  Valve 

(7) 

High  Pressure  Relief  Valve 

(8) 

Low  Pressure  Relief  Valve 

(9) 

Selector  Valve 

(10) 

Back-up  Valve 

(11) 

Standby  Valve 

(12) 

Standby  Check  Valve 

Valve  Housing  Came 
a.      Alpha  Shaft  Cams 

(1)  Manual  Feather  Cam 

(2)  Speed  Set  Cam 

(3)  Beta  Set  Cam 

(4)  Alpha  Back  Up  Cam 
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b.      Beta  Shaft  Cams 

(1)  Pressure  Cutout  Back  Up  Cam 

(2)  Beta  Follow  Up  Cam 

(3)  Beta  Back  Up  Cam 

QUESTIONS 

1.  What  unit  in  the  propeller  control  assembly  is  mechanically 
connected  to  the  throttle? 

2.  When  does  throttle  movement  position  the  pilot  valve? 

3.  What  propeller  systems  or  operations  are  blocked  out  during 
beta  range?  * 

4.  What  prevents  the  control  from  rotating  with  the  propeller? 

5.  List  the  two  major  assemblies  that  ma'&e  up  the  control. 

6.  What  would  hapP3n  if  you  turned  the  blades  while  the  rigging 
pins  were  installed?  w  8 

7.  When  does  the  condition  lever  move  the  alpha  shaft? 

8.  What  are  the  positions  of  the  condition  lever? 

9.  What  are  the  names  of  the  cams  mounted  on  the  alpha  shaft? 

10.  What  turns  the  beta  shaft? 

11.  Name  the  cams  on  the  beta  shaft. 

12.  What  is  the  purpose  of  the  atmospheric  sump? 

13.  What  does  NTS  stand  for? 

14.  When  is  the  solenoid  valve  energized? 

15.  How  is  the  feather  valve  shifted? 
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Jet  Engine  Branch 
Chanute  AFB,  Illinois 


3ABRA2633-WB-310 
A  January  1980 


PROPELLER  CONTROL  ASSEMBLY 


OBJECTIVE 

After  completing  this  workbook  and  your  classroom  instruction, 
you  will  be  able  to  trace  the  flow  of  hydraulic  fluid  on  schematic 
diagrams  for  governing,  feather,  and  reverse  operations. 


PROCEDURE 

Using  colored  pencils,  trace  the  following  conditions  on  the 
diagrams  (figures  1,  2,  3,  and  A,  located  in  the  back  of  this 
workbook) . 

1*  Onspeed 

2.  Underspeed 

3.  Feather 
A .  Reverse 


OPR:  3350  TCHTG 
DISTRIBUTION:  X 

3350  TCHTG/TTGU-J  -  600;  TTVSA  -  1 

Designed  for  ATC  Course  Use.    Do  Not  Use  on  the  Job. 


EQUIPMENT 


Colored  pencils 


Basis  of  Issue 
1  set/student 
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Jet  Engine  Branch  3ABR42633-WB-310 
Chanute  AFB,  Illinoia  0  ***  A*0A 

PROPELLER  CONTROL  ASSEMBLY 


OBJECTIVES 

After  completing  thia  workbook  and  your  claaaroom  inatruction,  you 
will  be  able  to: 

1.  Locate  and  uae  the  proper  technical  order  to  diaaaaemble  and 
assemble  a  propeller  control. 

2.  Locate  and  uae  the  proper  technical  ordera  to  document  APTO  Poms 
3A9  and  350  for  diaaeeembly  and  caaembly  of  the  propeller  control. 

EQUIPMENT 

Basis  of  Iaaue 

3ABR42633-HO-300  l/atudent 
TO  00-20-2-10  l/atudent 
TO  1C-130A-O6  .  l/atudent 

TO  3H1-18-2  l/atudent 

PROCEDURE 

Follow  the  directione  given  for  each  of  the  projecta  in  thia 
workbook. 

PROJECT  1 

DIRECTIONS 

Uaing  TO  331-18-2,  anawer  the  following  queationa  and  complete  the 
statement*. 

1.  What  paragraph  in  thia  technical  order  covera  pump  houaing  front 
cover  seal  replacement?   

2.  How  long  ia  the  front  cover  and  aeal  heated  in  an  oven  to 
facilitate  removal  of  the  aeal?   

3.  What  ia  the  nomenclature  for  tool  number  GS13717-1?   


A.      What  ia  uaed  to  clean  the  mating  aurfacea  after  they  have  been 
buffed?  .  


5.      What  caution  should  be  obaerved  during  the  cleaning  of  the 
mating  aurfacea?  ,  


'w  OPR:    3350  TCHTG  ML:  N/A 

DISTRIBUTION:  X 

3350  TCHTG/TTGU-J  -.^50;  DAV  -  1 

Designed  for  ATC  Courae  Uae.    Do  Not  Uae  on  the  Job. 
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6.  Af ter  a  thin  coat  of  Pliobond  it  applied  to  the  mating  surfaces  of 
the  seal,  how  long  oust  it  be  air  dried? 

7.  What  is  done  to  contract  the  seal  and  facilitate  Installation  of 
the  front  cover  plate?   


8.  After  the  seal  and  cover  plate  are  installed  in  the  arbor  press, 
hew  long  should  It  cure  at  room  temperature?  ^ 

9.  How  much  torque  Is  applied  to  the  bolts  on  the  dummy  brush  block 
while  preeeure  testing  the  atmoepherlc  sump?   

10.     Whet  is  the  part  number  of  the  control  external  leakage  test  fixture? 


11*     How  long  is  compreeeed  air  applied  to  the  submerged  control  and 
at  what  psi?  

12.  What  paragraph,  In  the  technical  order,  covers  an  alternate  method 
for  the  control  presewre  test?  mmmm^mt^m^, 

FB0JXCT  2 

DIUCTIONS 

Uaing  the  information  given  end  the  applicable  technical  order 
references,  make  the  correct  entries  on  the  AfTO  Pom  349  in  figure  1. 

1.  Tou  are  assigned  to  the  turboprop  shop  and  given  the  task  of 
removing  end  replacing  the  front  cover  seel  on  a  control  assembly  that  was 
removed  from  aircraft  QA-7787. 

2.  The  job  began  at  1200  hours  and  wee  completed  at  1200  hours  on  the 
following  dey.    Your  duty  hours  ere  0700  -  1600  hours  (day  shift). 

3.  The  following  Information  is  provided  to  complete  the  necessary 
form  required  for  the 

a.     General  Information: 

Priority  2 

Location  H-6 

Time  Spc  Heq  0700 

Job  Standard  2  hours 
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Propeller  Data: 

Part  Number  54H60-91 

Serial  Number  N822123 

ID  No.  QA8887 

Time  1300.6 
Pump  Housing  Data: 

From  the  AFTO  Form  350  Tagf  Figure  2 
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MODIFICATION  OF  PROPELLER  SYSTEMS 

OBJECTIVE 

After  completing  this  study  guide  and  your  classroom  instruction,  . 
you  will  be  able  to  Identify  simple  facts  pertaining  to  the 
modification  of  propeller  systems* 

INTRODUCTION 

The  propeller  assembly  is  just  like  any  other  type  of  equipment. 
Sometimes  the  internal  parts  fail,  or  become  unserviceable,  when 
this  occurs  the  propeller  system  must  be  modified  to  either  improve 
the  part  or  completely  change  the  part.    We  will  discuss  some  of  the 
modifications  that  have  taken  place  on  the  5AH60  propeller  assembly. 

INFORMATION 

In  this  study  guide,  ye  will  discuss  a  few  of  the  modifications 
that  have  been  incorporated  into  this  system.    During  the  past  few 
years,  the  valve  housing  assembly,  propeller  dome  assembly,  low  pitch 
stop  assembly,  pitch  lock  regulator  assembly,  and  synchrophaser 
assembly  have  been  or  are  currently  being  modified  to  improve  their 
operttion  on  the  C-130  aircraft. 

STANDARD  MODIFICATIONS 

The  Hamilton  Standard  turbopropeller  assembly  has  been  modified 
very  little,  considering  the  many  years  it  has  been  on  an  operational 
aircraft.    Most  of  the  modifications  to  the  54H60  propeller  assembly 
have  taken  place  during  the  past  ten  years.    Some  of  these  modifications 
to  tl  -  -ropeller  assembly  have  been  originated  by  maintenance  people 
working  in  the  field  on  the  operational  aircraft,  and  others  have  been 
started  by  the  technical  engineers  working  at  either  depot  overhaul 
facility  or  at  the  Hamilton  Standard  factory.    Most  of  the  modifications 
were  started  by  the  propeller  mechanics  working  in  the  field.  These 
mechanics  noticed  that  the  parts  of  the  propeller  assembly  were  either 
failing,  or  causing  excessive  maintenance  to  be  performed  on  the 
propeller  assembly.    These  propeller  mechanics  submitted  suggestion* 
to  the  depot  maintenance  facility  to  improve  the  parts  that  were 
either  failing  or  causing  excessive  maintenance  on  the  system.  You 
would  be  amazed  at  some  of  the  suggestions  that  have  been  incorporated 
into  a  propeller  system  modification.    Cas  w jor  modification  .to  the 
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propeller  assembly  was  to  redesign  a  rubber  prefonaed  packing  (rubber 
seal)  on  the  propeller  oil  control  assembly.    This  rubber  seal  was 
allowing  oil  to  leak  from  the  propeller  assembly  and  caused  the 
propeller  to  become  uncontrollable  on  the  ground  and  in  flight.  The 
technical  engineers  were  notified  by  the  maintenance  personnel 
submitting  an  AF  Form  1000,  Air  Force  Suggestion  form  on  this  seal- 
The  maintenance  people  who  wrote  the  suggertion  were  awarded,  by 
the  Air  Force,  a  monetary  sum  of  $1000.00  to  each  of  them*  Before 
the  new  type  of  seal  was  installed  into  the  propeller  control 
assembly,  the  failure  rate  for  this  seal  was  over  60  percent.  After 
the  new  type  was  installed,  the  failure  rate  decreased  to  zero  percent, 
and  this  saved  the  Air  Force  thousands  of  dollars  over  the  past 
seven  years. 

Most  of  the  modifications  to  the  propeller  assembly  take  months 
of  research  by  the  technical  engineers  to  develop  the  improvements 
that  will  be  incorporated  into  it.    The  technical  engineers  are 
highly  qualified  and  experts  in  their  specific  field,  whether  it 
is  mechanical  or  electrical  engineering,  and  they  have  a  thorough 
background  on  the  operation  of  a  propeller  system.    When  these 
technical  engineers  are  notified  that  there  is  a  major  problem  with 
the  operation  of  a  propeller,  they  will  thoroughly  investigate  the 
requirement  for  either  improving  or  modifying  the  system  affected 
by  the  problem.    If  the  technical  engineers  consider  the  problem  to 
be  a  major  flight  safety  problem,  they  will  notify  the  Air  Force, 
that  a  major  flight  of  safety  condition  exists  and  failure  of  that 
specific  part  could  cause  an  aircraft  to  crash.    The  Air  Force  will 
immediately  issue  an  immediate  action  time  compliance  technical 
order  (TCTO)  to  correct  the  major  problem.    Most  of  the  time,  the  Air 
Force  TCTO  will  be  either  immediate  action  or  urgent  action  when  a 
major  flight  or  safety  condition  exists  on  a  propeller  assembly. 
With  the  54H60  propeller  system  the  modification  of  parts  of  this 
assembly  are  of  a  routine  nature,  and  will  not  be  incorporated  into 
the.  time  compliance  technical  order  system.    These  modifications  will 
first  be  researched,  and  then  a  test  program  will  be  established  to  see 
if  the  improvement  or  modification  will  improve  the  operation  of  the 
propeller  assembly.    These  improvements  are  generally  considered  simple 
modification  of  this  system,  and  do  not  affect  a  safety  of  flight 
condition  on  the  aircraft. 

SPECIFIC  MODIFICATIONS 

During  the  past  fifteen  years,  most  cf  the  modifications  to 
this  propeller  assembly  have  been  on  the  propeller  valve  housing 
assembly.    In  the  past  ten  years,  this  assembly  has  had  one  major 
modification  and  two  simple  modifications  incorporated  into  it. 
The  major  modification  was  to  the  valve  housing  pilot  valve.  The 
pilot  valve  is  used  to  meter  hydraulic  fluid  to  the  propeller  dome 
to  change  the  pitch  of  the  propeller  blades.    Before  this  major 
modification  was  incorporated  the  pilot  valves  were  failing  at  an 
extremely  high  rate  and  causing  this  propeller  to  become  uncontrollable 
in  flight.    In  fact,  the  Air  Force  had  two  C-130  aircraft  to  crash. 
The  technical  engineers  immediately  redesigned  the  complete  pilot  valve, 
and  tested  the  valve  for  operation.    Since  that  time,  the  new  pilot  valves 
have  not  had  a  single  failure,  and  the  C-130  aircraft  has  not  had  a 
single  crash  because  of  pilot  valve  failure. 
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Today,  Hamilton  Stan'1      has  z*»:^z*z*+*  th*  -  -  -r*w  fcovernor 
on  the  54H60  propyl)'.,  and  these  new  valve  houalng  assemblies  art 
baing  ina  tailed  -a  operational  aircraft.    Tha  nav  type  of  valve 
houalng  la  *  graat  improvement  war  tha  oldar  models;  thaaa  valve 
Lyings  hava  a  servogoveruor  on  them  Inataad  of  tha  mechanical 
governor .    Tc^  v<n  laarn  more  about  tha  nav  aervogovarnor  typa 
valve  houalng*  aftar  you  hava  completed  fchia  tachnlcal  school. 

Thara  hava  baan  several  othar  modif Icaticzs  completed  on  tha 
54R60  propallar  assembly.    Some  of  thaaa  modification  &r»  eurrantly 
•till  In  tha  taat  portion  of  development,  and  hava  baan  approve  for 
uaa  In  tha  fiald  on  oparational  aircraft.    Thaaa  Modifications 
are  for  tha  propallar  low  pitch  atop  lever  assembly,  pitch  lock 
regulator  assembly,  and  tha  propallar  aynchrophaaar  assembly. 
Currently,  tha  aynchrophaaar  assembly  la  balng  raplacad  with  a 
completely  redesigned  and  engineered  assembly,  that  has  all 
aolid  state  parte  Inataad  of  tha  electrical  wiring  and  tubes 
in  tha  old  type.    In  tha  future,  you  will  probably  aae  more 
modification  incorporated  on  this  propallar  assembly.  Maybe 
you  will  be  helping  the  technical  engineers  In  tha  testing  of 
the  parte  that  have  been  modified  to  Improve  their  operation 
on  the  propallar  aaaaably. 


Tou  should  remember  that  most  of  the  modifications  to  tha 
propeller  assembly  are  dona  for  either  Improvement  of  the  system 
or  to  correct  a  major  aafety  of  flight  condition.    The  safety  of 
flight  condition  la  a  vary  serious  condition,  and  probleqp  with  the 
many  parte  of  a  propallar  assembly  could  cause  a  C-130  aircraft  to 
craah.    Any  part  Involved  in  a  safety  of  flight  condition,  that  la 
part  of  a  propeller  assembly,  will  automatically  prevent  an  air- 
craft from  flying  any  type  of  mission.    Thaaa  parte  will  be 
modified  to  correct  the  problem,  and  either  an  Immediate  action 
or  urgent  action  time  compliance  technical  order  will  be  issued 
to  correct  this  problem. 

QUESTIONS 

1.  What  type  of  time  compliance  technical  order  MJL1  be 
issued  to  correct  a  flight  safety  problem? 

2.  How  is  she  valve  housing  assembly  baing  modified  today? 

3.  What  are  the  three  parte  of  the  propeller  assembly  that 
are  currently  being  tested  in  the  Air  Force? 

4.  Who  will  Investigate  the  requirement  to  either  Improve 
or  modify  a  part  on  the  propeller  assembly? 
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PROPELLER  AND  ENGINE  ANTI-ICING  AND  DE ICING  SYSTEMS 

OBJECTIVE- 

After  completing  this  study  guide  and  your  classroom  instruction, 
you  will  be  able  to  explain  the  purpose ,  operation,  and  arrangement 
of  the  propeller  and  engine  anti-icing  and  deicing  systems. 

INTRODUCTION 

The  engine  and  propeller  anti-icing  and  deicing  systems  are  used 
on  the  C-130  aircraft  to  prevent  the  buildup  of  ice  on  the  T56  engine 
compressor  inlet  housing,  engine  intake  scoop,  oil  cooler  intake 
scoop,  and  torquemeter  housing  shroud.    The  propeller  system  uses  the 
anti-icing  and  deicing  to  prevent  or  remove  ice  formations  on  the 
outside  of  the  propeller  assembly.    Without  this  oystem  on  an  aircraft, 
severe  damage  could  occur  to  the  aircraft  and  engine. 

INFORMATION 

In  this  study  guide,  we  will  discuss  the  engine  and  propeller 
anti-icing  and  deicing  system  parts,  purposes,  operation,  and  their 
arrangement • 

ENGINE  ANTI-ICING  SYSTEM 

The  TS6  engine  anti-icing  system  shown  in  figure  1  is  very  important 
to  you  as  a  turboprop  engine  and  propeller  mechanic.    This  anti-icing 
system's  primary  purpose  is  to  prevent  ice  formation  on  the  engine 
intake  scoop,  oil  cooler  intake  scoop,  the  eight  radial  struts  of  the 
air  inlet  housing  assembly,  and  the  lower  half  of  the  torquemeter 
housing  shroud.    The  formation  of  ice  in  the  engine  intake  can  cause 
severe  damage  to  the  engine  compressor  section.    The  engine  anti-icing 
system  i*  incorporated  in  the  engine  to  prevent  ice  from  forming  in  the 
air  intake  area. 

The  engine  anti-icing  system  controls  are  located  in  the  aircraft 
cockpit,  on  the  overhead  panel,  figure  2.    The  main  control  for  this 
system  is  the  engine/propeller  master  anti-icing  control  switch.  On 
the  same  panel  there  are  four  individual  switches  for  operating  each 
engine  ant i- icing  solenoid  valve.    To  operate  this  system,  the  engine/ 
propeller  anti- icing  master  switch  can  be  placed  in  three  positions. 
These  positions  are  manual,  automatic,  and  reset.    In  order  for  the 
anti- icing  master  switch  to  operate  in  the  automatic  mode  of  operation, 
the  master  switch  must  be  pushed  up  to  the  RESET  position  and  allowed 
to  return  to  the  automatic  position.    Then  the  switches  for  the  engine 
inlet  air  ducts  must  be  placed  in  the  ON  position.    After  these  two 
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Figure  1.     Engine  Anti-Icing  System. 
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Figure  2.    Anti- Icing  Control  Panel. 

switches  have  been  activated,  they  will  complete  an  electrical  circuit 
to  the  ice  detector  system.    There  are  ice  detector  probes,  located 
in  the  four  engine  intakes,  but  only  No.  2  and  No.  3  are  operational. 
These  ice  detector  probes  can  "feel"  the  presence  of  ice  accumulating 
on  their  outside.    When  ice  is  detected,  the  probes  will  automatically 
complete  a  circuit  to  energize  the  anti-icing  system.    After  the  ice 
detector  probes  have  energized  the  system,  the  power  section  mounted 
anti-icing  solenoid  and  QEC  kit  mounted  anti-icing  solenoid  valve  will 
be  de-energized  to  the  open  position,  thus  allowing  hot  air  from  the 
engine  diffuser  to  be  routed  to  the  engine  air  inlet  housing  area, 
intake  scoop,  and  oil  cooler  intake  scoop.    The  anti- icing  solenoid 
valve  and  anti-icing  solenoid  are  energized  to  the  closed  position  and 
de-energized  to  the  open  position. 
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After  the  anti-icing  solenoid  valve  has  been  de-energized,  the 
hot  compressor  air  is  routed  from  the  engine  compressor  diffuser  bleed 
air  ports,  on  the  14th  stage  compressor,  to  the  anti-icing  air  valves. 
There  are  two  anti-icing  air  valves  on  the  T56  engine  and  these  are 
mounted  on  the  air  inlet  housing  at  the  three  and  nine  o'clock  posi- 
tions.   The  air  valves  are  connected  to  the  diffuser  bleed  air  ports 
and  the  anti-icing  solenoid  valve  by  metal  air  tubes.    When  the  hot 
compressor  air  has  reached  the  two  air  valves,  it  is  then  routed 
through  the  air  inlet  housing  to  five  areas  of  the  engine.    These  areas 


are 


1.  Air  inlet  housign  struts  (8). 

2.  Compressor  air  inlet  guide  vanes. 

3.  Compressor  air  inlet  temperature  probe. 

4.  Compressor  inlet  pressure  probe. 

5.  Lower  half  of  the  torquemeter  housing  shroud. 

The  compressor  diffuser  assembly  will  also  send  hot  air  to  the 
nacelle  air  intake  and  the  oil  cooler  air  scoop  to  prevent  ice  forma- 
tion on  these  parts.    The  hot  air  is  routed  to  the  bleed  air  manifold, 
located  on  the  right  side  of  the  nacelle,  to  the  intake  scoop  and  oil 
cooler  scoop.    On  the  compressor  diffuser  there  are  air  bleed  ports 
located  on  the  outside  of  the  14th  stage  compressor,  which  are  connected 
to  ducting  which  is  connected  to  the  bleed  air  manifold,  then  to  ducting 
which  is  directly  connected  to  the  nacelle  intake  and  oil  cooler  scoop. 
This  portion  of  the  anti-icing  system  is  operated  by  the  same  switches 
mentioned  in  the  previous  paragraphs.    (See  figure  1.) 

PROPELLER  ANTI-ICING  AND  DEICING  SYSTEM 

The  propeller  anti-icing  and  deicing  system  is  different  from  the 
engine  anti-icing  system.    We  discussed  that  the  engine  anti-icing 
system  uses  hot  compressor  air  to  prevent  a  buildup  of  ice.  The 
propeller  assembly  uses  electrical  current  to  operate  the  anti-icing 
and  deicing  system.    The  anti-icing  portion  of  the  system  is  to 
prevent  ice  formation  on  certain  parts  of  the  propeller  and  the 
deicing  portion  is  to  remove  the  ice  that  has  accumulated  on  the 
propeller.    We  will  discuss  each  part  of  this  system  and  the 
complete  operation  of  the  propeller  anti-icing  and  deicing  system. 

The  propeller  anti-icing  and  deicing  system  is  operated  by  the 
same  switch  as  the  engine  anti-icing  system.    To  operate  the  system 
you  must  place  the  engine/propeller  anti- icing  master  switch  to  either 
the  auto  or  manual  position.    Then  the  four  propeller  ice  control 
switches  must  be  placed  in  the  ON  position.    This  action  will  complete 
an  electrical  circuit  to  the  propeller  deicing  timer,  spinner  anti- 
icing  relays,  and  the  deicing  relays.    The  propeller  deicing  timer  is 
used  to  control  the  heating  cycle  for  propeller  deicing  only,  but 
the  deicing  timer  is  also  connected  to  the  ice  detector  probes 
located  on  the  engine.    The  deicing  timer  has  a  set  cycle,  it  is 
activated  for  a  15-second  heating  period,  and  a  45-second  cooling 
period,  this  heating  cycle  is  the  same  for  all  four  propellers. 
The  he&ting  cycle  will  be  switched  from  one  propeller  to  the  next 
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Figure  3.    Propeller  Anti- Icing  and  Deiclng  System. 
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propeller  in  the  sequence  of  propeller  numbers  one,  two,  thrae,  and 
four.  This  system  uses  alternating  current  (AC)  for  both  the  anti- 
icing  and  deicing  portions. 


The  first  part  of  the  propeller  assembly  we  will  discuss  is  the 
brush  block  assembly.    The  brush  block  is  mounted  on  the  propeller 
control  assembly.    Its  purpose  is  to  transfer  electrical  current  from 
the  stationary  part  (nonrotating)  to  the  rotating  part  of  the 
propeller  assembly.    The  brush  block  is  constructed  with  four  rows 
of  carbon  brushes,  with  three  carbon  brushes  on  a  single  row*  These 
brushes  transfer  the  electrical  current  to  the  rotating  part. 

The  rotating  part  is  the  deicer  contact  ring  holder  assembly. 
The  brushes  on  the  brush  block  mate  with  four  copper  sliprings  on  the 
deicer  contact  ring  holder.    The  four  copper  sliprings  have  a  specific 
purpose:    the  outside  ring  is  for  anti- icing  only,  this  ring  is  for 
"Dlf  phase  AC  voltage;  the  second  ring  from  the  outside  is  for  blade 
and  the  back  half  of  the  rear  spinner  deicing  only,  this  ring  is  for 

phase  AC  voltage;  the  third  ring  is  for  front  spinner  and  front 
half  of  the  rear  spinner  deicing  only,  this  ring  is  for  "B"  phase  AC 
voltage;  and  the  Inside  ring  is  for  ground  for  the  anti-icing  and 
deicing  system,  this  ring  is  for  "A"  phase.    The  deicer  contact  ring 
holder  transfers  the  electrical  power  to  the  blade  deicing  heater 
(deicing  boot)  by  four  contact  brush  assemblies  mounted  on  the 
deicer  contact  ring  holder.    These  contact  brush  assemblies  directly 
contact  two  blade  sliprings  on  the  blade  shank  for  deicing  of  the 
propeller  blade  only.    Then  the  deicer  contact  ring  holder  assembly 
is  connected  to  the  rear  spinner  assembly  by  connector  straps.  These 
connector  straps  transfer  the  electrical  power  to  the  rear  spinner 
and  front  (nose)  spinner  for  either  anti-icing  or  deicing  of  these 
assemblies.    The  rear  spinner  has  the  capability  of  being  deiced  only. 
The  front  (nose)  spinner  uses  both  anti-icing  and  deicing,  the  first 
seven  inches  of  the  nose  spinner  is  for  ant i- icing  only,  and  the 
remainder  of  this  assembly  is  deiced.    The  propeller  afterbody 
assemblies  are  connected  by  electrical  leads  from  the  brush  block 
assembly  to  four  terminal  bolts  on  the  afterbody  mounting  bracket, 
and  the  afterbodies  are  connected  to  these  terminal  bolts  by 
electrical  bonding  straps.    The  afterbody  has  anti-icing  only. 
(See  figure  3.) 

The  propeller  anti-icing  and  deicing  system  has  three  ammeters 
located  on  the  overhead  panel  in  the  cockpit  to  indicate  the  current 
draw  being  used  by  the  propeller  assembly.    One  of  these  ammeters 
is  for  spinner  anti-icing,  the  other  two  are  for  either  blade  deicing 
or  spinner  deicing.    (See  figure  2.) 

The  maximum  allowable  current  draw  for  anti-icing  is  from  16  to 
21  amps  and  the  maximum  allowable  current  draw  for  deicing  is  from 
65  to  90  amps  per  propeller  assembly. 


The  engine  and  propeller  anti-icing  and  deicing  system  are  of 
major  importance  to  the  turboprop  mechanic,  the  complete  system  is  to 
eliminate  the  possibility  of  icing  conditions  affecting  the  operation 
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of  both  the  engine  and  propeller.    This  system  can  be  operated  in 
either  the  automatic  or  manual  modes  of  operation. 

QUESTIONS 

1.  What  is  the  purpose  of  the  engine  anti- icing  solenoid  val 

2.  What  is  the  part  which  is  used  to  operate  the  anti-icina 
deicing  system? 

3.  What  are  the  four  areas  of  the  engine  that  hot  air  is 
directed? 

4.  What  is  the  purpose  of  the  engine  ant i- icing  system? 

5.  What  Are  the  areas  of  the  spinner  that  are  anti-iced? 
6*  What  are  the  areas  of  the  propeller  that  are  deiced? 

7.  What  is  the  cycle  of  the  deicing  timer? 

8.  What  is  the  purpose  of  the  deicer  contact  riug  holder? 

9.  Which  slipring  carries  electrical  current  for  blade  and 
rear  spinner  deicing? 

10 ♦     Which  heating  elements  have  power  cycled  to  them  by  the 
deicing  timer? 

11.  What  is  the  maximum  allowable  amperage  draw  for  deicina 
and  anti-icing?  * 

12.  What  part  sends  hot  air  for  nacelle  intake  and  oil  cooler 
air  scoops  for  anti-icing? 
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Jet  Engine  Branch  1ADn//)£„  TT^ 

Chanute  AFB,  Illinois  ^  l  ^tln 

2  April  1980 

PROPELLER  AND  ENGINE  ANTI-ICING  AND  DEICING  SYSTEMS 

OBJECTIVES 

will  Df:ble°SeCin8  Chi8  W°rkb30lt  ***  y°Ur  Cla88r00n  ^"ruction,  you 

a  .  41'      T!*Ce /UC  eleccrical  circuits  for  blade  deicing,  spinner 
deicing,  and  spinner  anti-icing. 

2.      Explain  the  purpose,  operation,  and  arrangement  of  the  engine 
anti-icing  system,  and  propeller  anti-icing  and  deicing  systems. 

EQUIPMENT 

Basis  of  Issue 

TO  1C-130B-2-10  1/student 

TO  2J-T56-24  1/student 

TO  3H1-18-2  1/student 

Multimeter,  PSM  37  i/2  students 

Deicing  trainer  i/i5  studants 

PROCEDURE 

Complete  the  three  projects  following  the  directions  given  for  each 
pro j  ec  c  • 

Project  1 

DIRECTIONS 

Using  TO  1C-130B-2-10  and  TO  2J-T56-24,  answer  the  following 
questions.  * 

1.  What  is  the  name  of  the  switch  that  activates  the  anti-icing 
system  on  a  T56  engine?   .  

2.  What  is  the  name  of  the  part  that  directs  airflow  to  the  air 
inlet  housing  assembly? 


OPR:  3350  TCHTG 
DISTRIBUTION:  X 

3350  TCHTG/TTGU-J  -  300;  TTVSA  -  1 

Designed  for  ATC  Course  Use.    Do  Not  Use  on  the  Job 
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3.     How  is  the  air  routed  to  the  intake  inl*t  scoop  And  oil  cooler 
•coop?  

4*     What  stag*  of  compression  is  used  for  the  angina  anti-icing 
system?   _  

5.     What  ia  tha  nana  of  tha  part  that  serves  as  the  primary 

control  of  the  engine  anti-icing  system?  

Project  2 

DIRECTIONS 

Daing  TO  1C-130B-2-10  and  TO  3H1-18-2,  answer  the  following  questions. 

1.  What  ia  tha  purpose  of  the  deicing  timer?   

2.  What  slip  ring  on  the  deicer  contact  ring  holder  assembly  is 
used  for  blade  deicing? 

3.  What  section  of  the  front  (nose)  spinner  is  anti-iced?   

A.     What  is  tha  purpose  of  the  brush* block  assembly?  

5.     What  is  tha  current  draw  for  apinnar  anti-icing  (one  propeller)? 


6.      What  type  of  electrical  power  is  used  for  propeller  anti-icing 

and  deicing?   

Project  3 

DIRECTIONS 

Using  a  multimeter  and  deicing  trainer,  take  voltage  and  resistance 
checks  as  required. 

1.  What  ia  the  power  voltage  at  tha  deicing  timer?   

2.  What  is  the  resistance  of  the  complete  anti-icing  systam? 


3.  What  is  the  resistance  of  the  blade  deicing  eystea? 
4*     What  ia  the  voltage  at  the  circuit  breaker? 
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INSPECTION  AND  BLADE  REPAIR 

OBJECTIVES 

After  completing  this  study  guide  and  your  classroom  inctruction, 
you  will  be  able  to  identify  the  types  of  inspections  performed  on  a 
propeller  assembly  and  the  procedures  for  repairing  damage  to  the 
propeller  blades. 

INTRODUCTION 

This  study  guide  contains  information  pertaining  to  propeller 
blade  inspection  and  repair.    This  information  will  be  used  throughout 
your  Air  Porce  career  as  a  turboprop  propulsion  mechanic. 

INFORMATION 

Propeller  blades  are  constructed  of  aluminum  and  treated  with  a 
corrosion  preventive  solution.    The  propeller  blades  are  subject  to 
damage  from  all  types  of  weather  conditions,  stresses,  and  forces. 
Because  of  this,  the  blades  are  subject  to  wear.    For  example,  if 
an  aircraft  takes  off  from  a  runway  that  is  not  free  of  foreign 
objects,  the  propeller  blades  are  likely  to  be  nicked  or  damaged. 
You  will  be  inspecting  and  repairing  this  damage. 

TYPES  OF  INSPECTION 

Visual 

A  visual  inspection  is  the  most  common  and  frequent  inspection 
used  in  today's  Air  Force.    It  is  the  greatest  support  of  the 
preventive  maintenance  concept.    What  is  the  preventive  maintenance 
concept?    The  Air  Force  uses  billions  of  dollars  of  equipment  daily. 
You,  as  a  propeller  mechanic*  can  eliminate  possible  malfunctions 
before  they  evolve  into  more  complex  or  expensive  repairs.    You  are 
responsible  to  locate  and  repair  defects  before  they  cause  more 
serious  problems. 

As  an  example  of  visual  inspection  items  to  look  for:  defective 
or  worn  clamps,  brolu    or  loose  safety  wire,  worn  or  chaffed  lines 
(hoses)  or  wires  or  improperly  routed  wires,  hoses,  or  lines* 

No  matter  how  small  the  discrepancy  may  appear,  always  consult 
your  TO  and  be  sure  of  the  repair  action.  THINK! 
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Nondestructive  Inspection  (NDI) 


Nondestructive  inspections  are  primarily  the  responsibility  of 
another  AF  career  field.    You  as  e  propeller  mechanic  may  at  sometime 
be  responsible  for  performing  or  assisting  on  nondestructive 
inspections. 

Dye  penetrant  insepctions  are  performed  on  all  metals  that  may 
appear  to  have  a  crack.    Using  a  special  dye  that  darkens  in  the 
crack  under  ultraviolet  light*  the  Inspector  can  determine  if  a 
suspected  crack  is  in  fact  a  crack  or  not* 

Dye  Penetrant 

Dye  penetrant  method  of  inspection  is  used  to  reveal  surface 
defects  in  any  type  of  metal.    This  method  consists  of  coating  the 
surface  to  be  Inspected  with  colored  dye.    This  will  penetrate  any 
defects  that  might  be  present,  then  the  excess  Is  wiped  off.  A 
white  developer  Is  now  applied  and  allowed  to  dry.    If  surface 
defects  are  pressnt,  the  dye  that  has  penetrated  them  will  now  bleed 
through  the  developer.    It  will  show  as  a  colored  indication.  The 
amount  of  color  that  bleeds  through  the  developer  Indicates  the 
severity  of  the  damage* 

Zyglo  Method  of  /^paction 

Zyglo  is  a  method  for  Inspecting  nonmagnetic  or  magnetic  metal 
parts.    It  uses  ultraviolet  or  black  light  to  detect  defects  by 
fluorescent  indications*    This  operation  must  be  performed  in  a 
darkened  booth  or  in  a  dark  room. 

A  fluorescent  liquid  Is  applied  to  the  part  and  allowed  to 
penetrate  any  surface  openings.    After  removal  of  all  surface  liquid, 
and  dusting  with  a  dry  powder,  the  fluorescent  material  emerges 
by  capillary  action.    Under  black  light,  glowing  Indications 
appear,  revealing  the  exact  location  and  extent  of  the  defect. 

BLADE  REPAIR 

Propeller  blades  are  subjected  to  all  types  of  weather  conditions, 
stresses  and  forces*    Because  of  this,  the  blades  are  subject  to  wear* 
For  example,  if  an  aircraft  takes  off  from  a  runway  that  is  not  free 
of  stones,  the  propeller  blade  is  likely  to  be  nicked  or  damaged. 
Should  a  nick  or  a  scratch  not  be  detected,  it  is  likely  to  develop 
into  a  crack.    If  this  should  happen,  the  forces  acting  on  the 
rotating  blade  might  cause  the  blade  to  break.    It  is  Important 
then,  that  defects  be  detected  by  inspection  as  early  as  possible 
and  repaired.    This  study  guide  will  discuss  the  types  of  blade 
damages,  methods  of  repair  and  the  meaning  of  blade  track. 

TYPES  OF  BLADE  DAMAGE 

Blade  Buckle 

This  type  of  damage  may  occur  on  either  the  thrust  or  camber 
surface.    A  blade  buckle  can  be  caused  by  contact  with  heavy  slush, 
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■no*  or  wet*r.    This  My  be  thrown  into  the  propeller  during  a 
landing.    It  My  also  be  caused  by  the  blade  bain*  dropped  or 
struck  by  an  object.    This  will  give  It  a  "caved  in91  appearance. 
A  buckle  is  usually  chordvlee  on  the  blade.    A  buckled  blade  will 
not  be  returned  to  service. 


■CO— Ct  ktflHM 
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Figure  I.    Repairs  to  Lead  and  Trail  Edges. 

Surface  Abrasion* 

Surface  abrasions  *an  be  divided  into  such  types  aa  nicks, 
scratches*  and  gouges.    These  are  usually  caused  by  the  blade 
cosiing  in  contact  with  stones  or  other  hard  objects.    SmII  nicks 
and  scratches  My  be  reworked  with  fine  hand  stones  and  eaery 
cloth.    See  figure  1. 

Electrical  Burns 

Burns  are  caused  by  static  discharges  of  electricity.  The 
greatest  danger  of  a  burn  is  the  heat  effect  on  the  metal.    Only  burns 
in  the  solid  portion  of  the  blade  and  confined  to  the  outboard 
24  inchea  can  be  reworked.    All  other  burns  require  removal  of  the 
blade  from  service. 

INSPECTION,  REPAIR,  AND  DISPOSITION  OF 
DAMAGED  PROPELLER  BLADES 

Blades  having  denta  lAich  are  greater  than  .040  inch  in  depth 
shall  be  removed  froa  service. 
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Blade  Damage  Repair  Peening 

The  propeller  blade  has  a  ahotpeened  area  extending  from  mid- 
way of  the  ahank  to  almost  midway  of  the  blade.    This  shotpeened 
surface  adda  to  the  strength  of  the  aluminum  blades  by  compressive 
stress  of  the  surfaces.    When  damage  to  this  area  has  occurred, 
rework  of  the  damage  must  be  performed  by  repeening  the  area. 

The  procedures  for  blade  repair  peening  are  contained  in 
TO  3B1-18-2.    These  procedures  must  be  followed  without  fail  to 
prevent  damaging  the  blade  beyond  repair.    This  repair  is  performed 
by  using  a  special  hand  peening  hammer. 


TYPES  OP  ALUMINUM  BLADE  DAMAGE 


Damage  to  aluminum  alloy  blades  will  be  classified  as  minor 
damage,  major  damage  and  irreparable  damage. 

Minor  Damage 


Thia  type  of  damage  can  be  repaired  locally  at  any  activity 
having  qualified  people. 


CWSS  SECTION  0*055  SECTION 
KFOAE  HP**.  AFTER  *£*U* 


OUT 

  JM 


Figure  2.    Method  for  Repairing 
Surface  Defects. 


Small  nicks  or  dents  in  the  leading  edges  or  tips  may  be 
removed  by  reworking  the  blade  locally.    This  is  done  with  a  curved 
or  "riffle"  file.    In  urgent  caaes,  this  can  be  done  while  the 
propeller  la  on  the  aircraft,  if  the  nicks  are  not  too  large; 
however,  moat  deairable  reaulta  are  obtained  if  the  propeller  is 
rebalanced.    Care  will  be  taken  to  remove  the  sharp  base  of  nicks, 
as  these  act  aa  atress  concentration  points.    Longitudinal  surface 
cuta  or  acratchea  vhich  are  located  beyond  tie  501  radius  may  be 
reworked  to  form  saucer-shaped  depressions.    The  whole  length, 
width  and  depth  must  not  exceed  apecified  tolerances.    More  than 
one  of  these  defects  is  permitted,  providing  they  do  not  form  a 
continuous  line  and  are  not  located  nearer  than  a  specified 
distance  to  one  another.    See  figures  2,  3,  and  4. 
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Figure  3.    Method  for  Reworking 
Leading  Edge. 
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Figure  4.    Method  for  Repairing 
Blade  Tip. 

Major  Damage 

Major  damage  on  reparable  blades  consists  of  all  damage  other 
than  minor  damage.    Aluminum  alloy  blades  receiving  major  damage 
will  be  forwarded  to  Air  depots  for  repair.    This  type  of  repair 
will  be  accomplished  only  at  designated  air  depots. 


Two  types  of  major  damage  are  bent  blades  and  damaged  tip 
sections.    After  a  blade  has  undergone  major  repair,  the  blades 
of  the  assembly  should  be  correctly  matched.    Then  the  propeller 
assembly  should  be  balanced. 
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Irreparable  Damage 

Irreparable  damage  results  from  the  following  defects: 

•  A  cracked  or  damaged  thrust  bearing  washer  on  Hamilton- 
Standard  blades. 

•  Cracked  metal  inside  the  station  which  locates  the  minimum 
usable  diameter. 

•  Bends  which  exceed  specified  limits. 

•  Cuts,  nicks,  or  any  damage  to  metal  which,  after  repair, 
will  be  beyond  tolerance. 

Disposition  of  Blades  Damaged 
Beyond  Repair 

Blades  determined  damaged  beyond  repair  will  be  condemned  and 
salvaged.    No  attempt  will  be  made  by  activities  within  the  Area 
Command  to  salvage  damaged  blades.    The  damaged  blades  will  be 
forwarded  to  the  appropriate  Air  Logistics  Center  for  disposition. 


Deiclng  Heater  and  Coverstock  Repair 

The  blade  deiclng  heater  (deiclng  boot)  is  subjected  to  the 
same  types  of  hazards  as  the  aluminum  blade.    Since  the  deiclng 
heater  and  coverstock  are  made  of  rubber  material,  the  damage  to 
these  parts  can  penetrate  beneath  the  rubber  and  go  unnoticed  without 
a  visual  inspection.    The  ptocedure  for  determining  the  extent  of 
damage  is  covered  in  detail  in  TO  3H1-18-2. 

The  blade  deiclng  heater  can  be  damaged  by  impact  with  foreign 
objects  or  from  electrical  overheating.    This  damage  to  the  heater 
generally  appears  as  a  bubble  or  blister.    In  more  severe  cases, 
it  will  appear  as  a  burned  area.    To  determine  the  extent  of  damage 
and  repair  procedures,  you  will  have  to  refer  to  TO  3H1-18-2. 


BLADE  TRACK 


Blade  track  is  one  blade  following  the  same  plane  of  rotation 
as  the  other  blades  of  the  propeller. 

If  a  propeller  blade  is  out  of  track  far  enough,  it  will  cause 
a  propeller  vibration.    In  general,  all  propeller  blades  are 
checked  for  track  in  the  sane  manner.    A  fixed  standard  is  placed 
so  it  will  contact  the  blade  at  approximately  the  tip  area.  All 
blades  of  the  propeller  will  be  rotated  past  this  standard.  All 
should  pass  within  a  predetermined  distance  of  this  standard.  This 
out  of  track  tolerance  varies  with  different  propellers  and  will  be 
listed  in  the  applicable  TO. 

If  a  blade  la  out  of  track  beyond  the  specified  tolerance  the 
blade  must  be  removed  from  the  propeller  and  replaced  with  a 
serviceable  blade.  ty  1 
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QUESTIONS 

1.  What  type  of  inspection  will  you  be  doing  as  a  turboprop 
Mechanic? 

2.  When  will  you  be  required  to  have  a  propeller  blade 
inspected  by  the  dye  penetrant  Method? 

3.  What  type  of  light  is  used  when  inspecting  parts  with 
the  Zyglo  equipment? 

4.  Can  Zyglo  be  used  on  nonmagnetic  metals? 

5.  What  are  the  three  different  types  of  surface  abrasions 
mentioned  in  this  study  guide? 

6.  Where  must  a  propeller  blade  having  a  major  damage  be 
repaired? 

7.  What  will  occur  if  a  blade  is  out  of  track  beyond  tolerance? 

8.  Name  three  types  of  aluminum  blade  damage  considered 
irreparable. 

9.  What  will  the  damage  to  a  propeller  blade  deicing  heater 
appear  as  after  being  overheated? 

10.      What  action  must  be  taken  if  a  blade  is  out  of  track  beyond 
the  specified  tolerance? 
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INSPECTION  AND  BLADE  REPAIR 


OBJECTIVE 

After  completing  this  workbook  and  your  classroom  instruction, 
you  will  be  able  to  inspect  a  propeller  blade  for  damage  of  the 
aluminum  and  rubber  components,  determine  the  extent  of  repair,  and 
repair  the  damage. 

EQUIPMENT 


PROCEDURE 

Using  the  TO,  inspect  the  propeller  blade  and  determine  the 
depth  of  damage.    Repair  the  damage  using  the  blade  repair  files  and 
blade  repair  kit.    Follow  the  instructions  for  each  project  in  this 
workbook. 


INSTRUCTIONS 

Using  the  dial  indicator,  HSP  1827,  place  the  dial  indicator 
on  a  smooth  hard  surface,  depress  the  plunger  button  and  turn  the 
movable  dial  face  to  zero.    Lock  the  dial  face  in  this  position. 
Place  the  dial  indicator  on  the  propeller  blade,  and  using  TO 
3H1-18-2,  take  readings  from  the  damaged  area  of  the  blade  and  find 
the  deepest  area  of  damage. 

1.      Record  your  deepest  measurement.   


2.      What  is  the  minimum  length  of  your  rework  area? 


3.      What  is  the  total  rework  depth? 


4.      What  is  the  maximum  allowable  amount  of  metal  that  can 
be  removed  at  this  blade  station? 


5.      What  is  the  maximum  allowable  additional  rework  depth  for 
an  electrical  bum  on  a  blade  assembly?   


OPR:  3350  TCHTG 
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TO  3H1-18-2 
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Blade  Repair  Files 
Blade  Repair  Kit 


Basis  of  Issue 
1/student 


1/2  students 
1/2  students 
1/2  students 


Project  1 


1 


103 


6.  What  Is  the  maximum  allowable  depth  of  rework  allowed  on 
the  camber  side?   

7.  How  much  rework  Is  allowed  on  the  blade  tip?   


8,     What  Is  the  length  of  rework  in  longitudinal  blade 
direction?  .  

Project  2 

INSTRUCTIONS 

Using  TO  3H1-18-2  and  equipment,  repair  damage  to  the  blade 
shot  peened  area  and  determine  the  maximum  and  minimum  area  of 
rework  and/or  repair  that  is  allowed  in  the  technical  order. 

1.  What  Ls  the  minimum  area  of  the  propeller  blade  that  shall 
not  be  repeened?  __  

2.  What  is  used  to  cover  the  blade  during  repeening? 


3.  What  Ls  the  maximum  area  of  a  blade  that  can  be  repeened 
during  blade  repair?   

4.  What  material  is  used  to  remove  the  high  spots  after 
repeening  a  blade?  


'  a.  4 
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Chanute  APB9  Illinois 

SOLDERING  ELECTRICAL  CONNECTIONS 

OBJECTIVES 

After  completing  this  study  guide  and  your  classroom  Instruc- 
tion, you  will  be  able  to  state  the  purpose  and  procedure  for 
soldering  electrical  connectors* 

INTRODUCTION 

The  ability  to  understand  and  know  the  correct  procedures  for 
soldering  electrical  connectors  and  the  equipment  required  to 
complete  the  job  with  safety  in  mind  first  of  all,  is  of  utmost 
importance  to  you  as  a  turboprop  propulsion  mechanic* 

INFORMATION 

This  study  guide  contains  the  necessary  information  to  correctly 
solder  electrical  connections  and  the  definition  of  terms  that  pertain 
to  soldering  procedures* 

SOLDERING 

Repair  and  replacement  of  electrical  parts  sometimes  includes 
soldering  of  the  wire  terminal  ends.    AN  connectors  also  may  have 
the  individual  vires  soldered  in  place*    The  proper  methods  used  in 
soldering  are  described  below* 

Soldering  Is  a  relatively  simple  task*    Still,  something  must 
be  known  about  the  tools  to  use  and  the  material  to  be  soldered* 
Also,  you  must  know  about  solder  that  is  being  used  and  the 
specific  procedures  to  follow  when  soldering*    If  not,  the  soldered 
connection  may  break  loose  or  form  an  electrical  connection  that 
will  not  conduct  electricity*    You.  as  a  repairman,  may  be  called 
upon  to  repair  electrical  connections*    It  may  be  attaching  new 
terminals  on  wires  or  connecting  electrical  wires  to  an  AN  connector* 
A  bad  connection  on  an  electrical  circuit  of  an  aircraft  system 
could  cause  serious  damage*    Your  knowledge  of  soldering  is  important 
whether  you  are  performing  the  repair  or  inspecting  the  completed 
Job. 

Facility 

The  worker  is  responsible  for  maintaining  soldering  areas  in  a 
clean,  orderly  condition.  Smoking,  eating,  or  drinking  at  the  work 
stations  Is  not  permitted. 
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The  soldering  aru  shall  have  t  controlled  environment  which 
limits  entry  of  contamination.    It  should  have  a  temperature  of 
75#  t  10#F  with  a  relative  humidity  of  25X  minimum  to  60Z  maximum. 
Lighting  should  ba  a  minimum  of  100-foot  candles  on  the  surface 
being  soldered .    Where  required  control  conditions  cannot  be  met, 
special  care  should  be  taken  to  maintain  the  quality  of  solder 
connections. 

Solvents 

Solvents  shall  be  nonconductive  and  noncorrosive,  and  shall  not 
dissolve  or  degrade  the  quality  of  parts  or  materials.  Solvents 
shall  be  properly  labeled  and  maintained  in  a  clean  and  uncontami- 
nated  condition.    Those  shoving  evidence  of  contamination  or 
decomposition  shall  not  be  used. 

CAUTION:  Flux  or  solvents  shall  not  be  used  in  any  manner 
which  will  carry  to  or  deposit  residue  on  contact  surfaces 
such  as  those  in  switches  or  connectors. 

The  following  solvents  are  acceptable  when  properly  used  for 
cleaning  before  or  after  soldering: 

1.  Ethyl  alcohol,  ACS  grade,  99. 51  or  9SZ  by  volume. 

2.  Isopropyl  alcohol,  best  commercial  grade,  99Z  pure. 

3.  Tr Ichlorotr if luoroe thane,  clear,  99. 8Z  pure. 

4.  Any  mixtures  of  the  above* 

5.  1,1,1-Trichloroe thane.  Federal  Specification  O-T-620. 

6.  Deionised  water;  however,  care  shall  be  used  to  ensure 
that  proper  drying  is  accomplished  immediately  after  Its  use. 

CAUTION:    Sonic  or  ultrasonic  vibration  shall  not  be  used 
*•  *  method  for  cleaning  electrical  or  electronic  parts 
or  assemblies  unless  it  has  been  demonstrated  that  the 
reliability  of  the  parts  or  assemblies  will  not  be 
degraded  by  the  process  to  be  used. 

Thermal  Shunts 

Thermal  shunts  (also  called  heat  sinks  or  heat  dlsslpator 
clamps)  shall  be  used  to  absorb  heat  from  part  leads  or  wire  where 
necessary  to  protect  parts.  Insulating  materials,  and/or  previously 
completed  connections  from  damage  during  soldering  operations* 
Care  shall  be  taken  in  the  selection,  application  and  removal  of 
thermal  shunts  to  avoid  damage  to  conductors,  components,  parts, 
insulation,  or  associated  solder  connections. 

Flux 

Have  you  ever  watched  metal  change  color  as  it  heats?    This  is 
due  to  oxides  forming  on  the  metal  face.    This  oxide  prevents  the 
solder  from  making  a  good  bond  with  the  metal.    To  remove  the 
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effects  of  the  oxide,  *  flux  is  needed.    The  flux  acts  to  cut  the 
coating  of  oxide  end  permits  e  fin  bond  between  the  solder  end 
the  metal.    Numerous  types  of  flux  ere  used  in  soldering.    Some  of 
the  more  common  ere  tine  chloride,  emmonlum  chloride,  hydrochloric 
ecld  and  rosin. 

Solder 

There  ere  meny  kinds  of  solder  in  use.    Solder  is  made  of  a 
combination  of  tin  and  lead.    Some  of  the  ratios  are  40%  tin  and 
60Z  lead,  50%  tin  and  SOZ  lead,  60Z  tin  and  40Z  lead.    Solder  having 
a  higher  tin  content  makes  somewhat  stronger  bonds.    For  electrical 
work,  solder  In  wire  form  with  rosin  flux  in  the  core  la  most 
commonly  used.    Be  sure  to  look  on  the  spool—it  must  be  a  rosin 
core  for  electrical  work.    An  acid  core  solder  will  corrode  the 
connections  and  cause  trouble. 

Preparation  of  Conductors 

INSULATION  REMOVAL.    Stripping  machines  or  hand tools  used  to 
remove  conductor  insulation  shall  be  of  the  correct  size  and  in 
current  adjustment  and/or  calibration. 

DAMAGE  TO  INSULATION.    After  insulation  removal,  the  remaining 
conductor  Inaulation  shall  not  exhibit  any  damage  such  as  nicks, 
cuts,  crushing,  or  charring.    Conductors  with  damaged  insulation 
shall  not  be  used.    Slight  discoloration  from  thermal  stripping  is 
acceptable. 

DAMAGE  TO  CONDUCTORS.    After  removal  of  the  conductor  insulation 
Zh%  conductor  shall  not  be  nicked,  cut,  scraped,  or  otherwise 
damaged.    Part  leads  and  other  conductors  which  have  been  reduced 
in  cross-section  area  shall  not  be  used.    Damaged  wires  shall  not 
be  used. 

WIRE  LAY.    The  lay  of  wire  strands  shall  be  restored  as  nearly 
as  possible  to  the  original  lay  if  disturbed.    Contact  with  bare 
fingers  shall  be  avoided;  however,  if  contact  is  made,  the  wire 
shall  be  cleaned  with  an  approved  solvent  prior  to  further  processing 

Soldering  Procedures 

Soldering  tools  or  coppers t  figure  1,  come  in  various  sizes 
and  shapes.    The  one  selected  will  depend  upon  the  size  of  the 
job  as  well  as  working  space.    The  soldering  tip  or  iron  must  be 
designed  to  give  up  Its  heat  rapidly.    It  must  channel  this  heat 
directly  into  the  working  area.    Any  heat  delivered  out  of  the 
Immediate  vicinity  of  the  joint  is  wasted.    Some  jobs,  where  a 
larger  area  is  to  be  heated,  require  a  flat  surfaced  tip;  for 
other  cases,  an  AN  connector,  for  example,  you'll  need  a  small  four 
faced  or  pointed  tip.    Some  tools  require  28V  DC;  others  work  on 
115V  AC* 

Perhaps  you1 11  be  lucky  enough  to  have  one  of  the  quick 
heating  electric  irons  in  the  shop.    These  are  like  transformers 
molded  to  fit  the  hand.    They  have  a  high  current  output  fitted 
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Figure  1*    Soldering  Coppers. 


r 


9 

ERIC 


Figure  2.    Solder  Gun. 

to  a  replaceable  tip.    These  soldering  "guns"  usually  have  a 
trigger  switch  which  has. two  positions.    Pull  back  just  a  little 
and  you  have  enough  heat  for  the  ordinary  job*    Exert  enough  force 
to  pull  the  trigger  back  a  little  farther  and  more  heat  is 
available.    A  soldering  gun  is  shown  in  figure  2. 

Remember  that  soldering  guns  are  not  made  for  continuous 
service*    They  are  made  for  spot  work  and  heat  in  a  matter  of 
seconds.    If  you  try  to  keep  them  in  constant  operation,  the 
transformer  won't  last.    The  tips  will  soon  fail. 

Once  you've  chosen  a  gun  of  the  right  wattage 9  and  tip  of  the 
correct  shape,  you're  in  business.    But  there  is  still  another  fact 
to  remember— the  best  tool  in  the  shop  is  worthless  in  the  hands 
of  a  man  who  can't  use  it.    A  tip  may  have  plenty  of  heating  area, 
but  the  energy  will  be  wasted  in  space  unless  you  hold  the  tool 
correctly*    Bring  as  much  of  the  heating  area  into  use  as 
possible*    Remember  that  heat  rises,  so  hold  the  iron  under  the 
work  to  be  soldered,  not  over  it. 

We  have  been  emphasising  the  need  for  getting  heat  to  the 
work  area.    This  is  the  reason  for  your  first  step  in  soldering — 
tinning  the  soldering  tip.    Oxides  have  an  insulating  effect  and 
tend  to  block  the  heat  flow.    File  or  sand  the  working  surface 
of  the  tip  free  of  any  discoloration.    See  figure  3.    There  is  no 
need  to  be  heavy  handed  about  this  task;  simply  remove  the  surface 
coat  of  oxides*    If  you  use  a  file,  take  care  to  make  a  flat 
stroke;  keep  the  tip  shape  the  same. 
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Figure  3.    Preparing  Tip  Surfaces. 

After  the  face  has  been  cleaned  and  heated 9  roeln  cored  solder 
should  be  applied  until  there  Is  a  bright,  shiny,  surface  of 
solder.    The  excess  solder  is  wiped  off  with  a  damp  rag.  See 
figure  4. 


Figure  4.    Wiping  the  Tinning  Job. 

This  is  known  as  tinning  the  soldering  iron.  Without  this 
tinning,  oxide  builds  up  on  the  tip,  preventing  the  transmission 
of  heat.  Proper  tinning  is  the  keynote  to  successful  soldering; 
any  ties  during  your  work  that  solder  begins  to  show  burning  and 
oxidation,  the  heat  is  being  transferred  too  slowly.  You  should 
re-tin  1— sd lately.  By  all  mans  don't  flip  the  iron,  or  throw  the 
hot  solder  Into  space,  Injury  to  nearby  personnel  nay  result. 

Surfaces  for  soldering  must  be  free  of  oil,  grease,  paints, 
etc.,  or  solder  will  not  stick.    Surfaces  should  be  cleaned  with 
sandpaper,  emery  cloth,  or  file  and  then  wiped  clean.    The  work 
must  be  as  carefully  cleaned  as  the  tool  itself.    It  Is  then 
sanded  and  shaped  to  the  exact  appearance  of  the  finished  job. 

Solder  is  not  intended  to  furnish  a  great  deal  of  mechanical 
strength,  but  It  does  surprisingly  well.    Once  cleaning  and  forming 
have  been  completed,  you  will  save  time  by  applying  a  thin  coating 
of  solder  to  each  piece. 

How  the  pieces  should  be  Joined  together.    The  soldering  tip 
is  held  underneath  them  If  at  all  possible.    Since  heat  rises, 
the  action  will  be  much  more  efficient  in  this  position.  When 
using  rosin  cored  solder,  you  should  keep  the  solder  in  contact 
with  the  uork  Itself,  and  not  with  the  iron.    See  figure  5.  If 
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Figure  5.    Applying  Cored  Solder. 

you  allow  the  rosin  to  drip  down  over  the  whole  surface  of  the  tip. 
It  will  break  down  before  it  strikes  the  work  area — its  fluxing 
ability  will  be  largely  destroyed. 

Some  sen  try  to  hold  the  work  with  one  hand  and  the  iron  with 
the  other;  consequently,  the  part  isn't  steady  when  the  wider 
passes  from  the  liquid  state  to  the  solid  font.    A  slight  movement 
at  this  moment  will  cause  a  weak  place  which  will  soon  break. 
A  vise  or  som  other  clasping  device,  to  hold  the  work,  should  be 
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The  best  Jobs  have  a  thin  film  of  solder.    Strangely,  these 
thin  films  are  stronger  than  "blobs."   When  soldering  terminals, 
try  for  a  rounded  effect.    Sharp  points  In  electrical  work  may  cause 
shorts. 

Signs  of  a  "cold  joint"  may  be  recognized  by  its  dirty-grey, 
grainy  texture.    Cold  Joints  are  either  caused  by  not  properly  heating 
the  metal  to  be  soldered,  or  by  improper  cleaning  and  tinning* 

Don't  let  the  iron  become  too  hot.    If  It  does,  the  solder 
will  flow  too  freely,  and  show  oxidization  colors.    Heating  should 
be  stopped  when  the  tip  shows  a  blue  color. 

Inspection 

Each  soldered  connection  shall  be  visually  inspected.  Inspec- 
tion shall  be  aided  by  magnification  appropriate  to  the  size  of 
connections  between  41 i and  10X  magnification.    Additional  magni- 
fication shall  be  usee?  as  necessary  to  resolve  suspected  anomal 
defects.    Parts  and  conductors  shall  not  be  physically  disturbed  to 
aid  In  detection. 


Acceptance  Criteria 

An  acceptable  solder  connection  will  be  character lied  by: 

1.  Clean,  smooth,  bright,  undisturbed  surface. 

2.  Solder  fillet  between  wire  or  lead  and  termination  as 
described  herein. 

3.  Contour  of  wire  sufficiently  visible  to  determine  the 
presence  of  the  direction  of  the  bend  and  the  terminating  end  of 
the  wire. 

*.     Complete  wetting. 

5.      Proper  amount  and  distribution  of  solder. 
Rejection  Criteria 

The  following  are  eome  characteristics  of  unsatisfactory  solder 
condition  of  uhich  is  cause  for  rejection: 

1.  Conductors  and  Parts: 

a.  Damaged,  crushed,  cracked,  charred,  or  melted  insulation. 

b.  Improper  Insulation  clearance. 

c.  Improper  tinning. 

d.  Separation  of  wire  strands. 

e.  Part  improperly  supported  or  positioned. 

f.  Part  marking  not  visible. 

g.  Part  damaged • 

h.  Loose  conductors. 

1.  Cut,  nicked,  stretched,  or  scraped  leads  or  wires, 

j.  Flux  residue  or  other  contaminations, 

k.  Improper  wrap  or  stress  relief. 

1.  Spliced  conductors. 

2.  Solder  Connections: 


a. 

Cold  joint. 

b. 

Overheated  granular  joint. 

c. 

Fractured  joint. 

d. 

Improperly  bonded  joint. 

e. 

Pitted  or  porous  joint. 

f. 

Excessive  solder. 

t 

Insufficient  solder. 

h. 

Splattering  of  flux  or  solder  on  adjacent  areas. 

1. 

Rosin  solder  connection. 
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J.  Unclean  connection  (e.g.,  lint,  flux,  dirt,  etc), 
k.  Dewetting. 


Remember,  a  neat  job  means  only  one  thing.    The  solder  must 
have  aelted  quickly;  flowed  into  and  around  the  union;  then  frozen 
into  place  without  air  bubbles,  oxides,  carbon  particles  or  other 
foreign  matter.    Any  impurity  weakens  a  joint  and  builds  up  electrical 
resistance. 


SUMMARY 


Improper  soldering  techniques  can  cause  damaged  equipment  and 
unsafe  conditions.    The  mechanic  should  know  that  flux  is  used  to 
prevent  oxides  from  forming.    These  would  prevent  the  solder  from 
making  a  good  bond  with  the  metal.    Various  soldering  tools  are 
available  to  properly  accomplish  each  Job.    You  should  know  the 
procedures  for  preparing  the  material  to  be  soldered.    You  should 
know  the  steps  to  be  followed  during  soldering.    Then  with  practice, 
you  can  do  a  soldering  Job  that  will  be  safe  and  dependable. 

DEFINITIONS 

The  following  definitions  apply  to  terms  used  in  this  study 
guide. 

Blister  -  De lamination  in  distinct  local  areas. 

Bridging  -  A  build-up  of  solder  or  conformal  coating  between 
parts,  part  leads  and/or  base  substrate  forming  an  elevated  path 
(see  fillet). 


Cold  Solder  Joint  -  Unsatisfactory  connection  resulting  from 
dewetting  or  movement  of  conductor  during  cooling  and  frequently 
exhibiting  an  abrupt  rise  of  the  solder  from  the  surface  being 
soldered.    These  usually  appear  frosty  and  granular. 

Conduction  Soldering  -  Method  of  soldering  which  employs  a 
soldering  iron  for  transfer  of  heat  to  the  soldering  area. 

Conductor  -  A  lead  or  wire,  solid  or  stranded,  or  printed  wiring 
path  serving  as  an  electrical  interconnection  between  terminations. 

Connection  -  An  electrical  termination. 

Cracked  Solder  Joint  -  A  soldered  connection  which  has  fractured 
or  broken  within  the  solder. 


Dewetting  -  The  condition  in  a  soldered  area  in  which  the  liquid 
solder  has  not  adhered  intimately,  characterized  by  an  abrupt  boundary 
between  solder  and  conductor,  or  solder  and  terminal/termination 
area. 

Disturbed  Solder  Joint  -  Unsatisfactory  connection  resulting 
from  relative  motion  between  the  conductor  and  termination  during 
solidification  of  the  solder. 


Electrical  Component  -  An  assembly  of  one  or  more  electronic/ 
electrical  parte  that  nay  be  disassembled  or  separated  without 
destruction  of  designed  use,  e.g.,  printed  wiring  assembly. 

Excessive  Solder  Joint  -  Unsatisfactory  connection  wherein 
the  solder  obscures  the  configuration  of  the  connection* 

Fractured  Solder  Joint  -  A  joint  showing  evidence  of  cracking. 

Joint  -  A  solder  joint;  a  termination. 

Overheated  Joints  -  An  unsatisfactory  solder  joint,  characterized 
by  rough  solder  surface. 

Part  -  One  piece,  or  two  or  more  pieces  jo*  ued  cogether  which 
are  not  normally  subject  to  disassembly  without  destruction  of 
designed  use* 

Part  Lead  -  The  conductor,  solid  or  stranded,  attached  to  a  part. 

Porous  Solder  Joipt  -  A  joint  having  a  grainy  or  gritty  surface. 

Pits  -  Small  holes  or  sharp  depressions  in  the  surface  of  the 
solder. 

Repair  -  Operations  performed*  on  a  nonconforming  article  to  place 
it  in  usable  condition. 

Resistance  Soldering  -  Method  of  soldering  by  passing  a  current 
between  two  electrodes  through  the  area  to  be  soldered. 

Rework  -  The  reprocessing  of  articles  or  material  that  will  make 
it  conform  to  drawing  specification  or  contract. 

Rosin  Solder  Joint  -  Unsatisfactory  connection  which  has 
entrapped  rosin  flux. 

Solder  -  A  nonferrous,  fusible  metallic  alloy  used  to  join 
metallic  surfaces. 

Solder  Icicle  -  A  cone  stiaped  peak  or  sharp  point  of  solder 
usually  formed  by  the  prematura  cooling  and  solidification  of 
solder  upon  removal  of  the  heat  source. 

Solder  Joint  -  A  termination. 

Soldering  -  The  process  of  joining  metallic  surfaces  through 
the  use  of  solder  without  direct  fusion  of  the  base  metals. 

Terminal  -  A  tie  point  device  used  for  making  electrical 
connections. 

Termination  -  The  point  at  which  electrical  conductors  are  joined. 

Thermal  Shunt  -  A  device  with  good  heat  dissipation  character- 
istics used  to  conduct  heat  away  from  an  article  being  soldered. 
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Tinning  -  The  coating  of  a  surface  with  a  uniform  layer  of 
solder* 

Wetting  -  Flow  and  adhesion  of  a  liquid  to  a  solid  surface, 
characterized  by  smooth,  even  edges. 

QUESTIONS 

1.  What  is  the  indication  of  a  cold  soldered  joint? 

2.  Why  does  the  repairman  need  to  know  how  to  solder  properly? 

3.  What  is  the  purpose  of  the  flux? 

4.  Why  should  a  soldering  iron  be  tinned? 

5.  When  soldering,  why  should  the  surface  be  cleaned? 

6.  Why  shouldn't  the  soldering  iron  be  "flipped"  to  remove 
the  excess  solder? 

7.  What  type  of  core  should  the  solder  contain  for  electrical 
work?  Why? 

8.  What  is  the  indication  that  the  soldering  iron  tip  is  too 

hot? 

9.  What  determines  which  soldering  iron  to  use? 

10.  What  do  the  numbers  60/40  on  a  spool  of  solder  tell  you? 

11.  Why  is  it  important  to  have  a  controlled  environment 
for  soldering? 

12.  Why  do  we  use  solvents  in  soldering? 

13.  What  is  meant  by  wire  lay? 

14.  What  characterizes  an  overheated  solder  joint? 

15.  Is  the  use  of  a  five  power  (5X)  magnification  allowed  for 
inspection  of  soldering? 

16.  Should  soldering  coppers  be  held  above  or  below  the  item 
being  soldered?    Explain  why. 

17.  Who  is  responsible  for  keeping  the  soldering  work  area 
clean? 

18.  Why  is  lighting  so  important  in  soldering? 
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Jet  Engine  Branch  3ABRA2631  <sr  25' 

REMOVAL  OP  PROPELLER  ASSEMBLY 

OBJECTIVE 

SSoTlEJli:  "  re"°Ve  *  tUrb0Pr°Peller  fr°»  *  T56  -Sine 

INTRODUCTION 

In  a  previous  lesson  in  this  block  of  instruction  you  learned 
how  to  install  a  turbopropeller  on  the  T56  engine  gearbox.    In  this 
lesson  you  will  learn  how  to  remove  the  turbopropeller,  which  is  one 
of  your  most  important  jobs  as  a  turbopropeller  mechanic.  Some 
reasons  for  propeller  reaoval  are: 

1.  Oil  leaks 

2.  POD 

3.  Expiration  of  operating  hours  (3,600  hours).    Another  item 
you  must  understand  is  the  technical  orders  needed  to  complete  the  job 
"cord  SepinT  "  d°CUBent  the  wrk  Performed  for 

INPORMATION 

USING  TO  INSTRUCTIONS  AND  TOOLS 

The  step-by-step  procedure  for  removing  the  C-130  propeller  is 
illustrated  in  TO  1C-130B-2-11  following  the  descriptions  and  pictures 
of  the  necessary  tools.    When  you  handle  heavy  parts  such  as  the 
dome  or  the  hub  and  blade  assembly,  it  is  essential  to  have  the  "know 

with  ^^p^e"^!17  ^  Part8'    ^  "eP  be 

REMOVAL  OP  THE  AFTERBODY  TOP  HALF 

Refer  to  figure  1  to  determine  the  location  of  items  to  be 
removed.    Also  ncte  that  the  removal  sequence  is  in  reverse  of  the 
index  numbering. 

,1  iiHi         "  BXtr*f  iZ  frOB  b"*ath  the  bl*de  cuff»-    The  propeller 

for  r-ivil  of°^r*i      "/^  r,V<r*e  "°lade  Wgl*  to  Provlde  clearance 
for  removal  of  the  forward  access  panels.    The  blade  angles  are  then 

th.  SSfi.1!  th!  toP  ^  removal,  then  to 

propeller  removal  and  installation  of  the  Hamilton  54H60 

OPR.-  3350  TCHTG 
DISTRIBUTION:  X 

3350  TCHTG/TTGU-J  -  200;  TTVSA  -  1 

Designed  for  ATC  Course  Use.    Do  Not  Use  on  the  Job. 
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1 
2 
3 
4 

5 
0 

7 
8 
9 
10 
11 
12 
13 


Control  Drive  Bracket 
Bolt 

Negative  Torque  Bracket  Assembly 

Flat  Washer 

Bolt 

Rear  Cone 

Spacer 

Picking 

Control  Assembly 
Backb« 
PacUs* 
Front  Coae 

PropeOev  Retaining  Not 
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14  Propeller  Nut  Retaining  Ring 

15  Packing 

16  Packing 

17  Packing 

18  Pttch  Lock  Regulator  Assy 

19  tylined  8pacer  Ring 

20  Ratchet  Ring 

21  Locking  Control  Cam 

22  Externally  Threaded  Ring 

23  Retaining  Ring 

24  Gear  Preload  Shim 

Figure  1.    Propeller  Group  Installation. 


25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 


Dome  Barrel  Seal 
Home  Assembly 
Lock  Screw 
Cotter  Pin 
Packing 

Fluid  Transfer  Tube 

Lock  Wire 

Spinner  Afterbody 

Front  fyinner  Assembly 

Washer 

Bolt 
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REMOVAL  OP  THE  CONNECTIONS  AND  SPINNER  NOSE 


AN  connector  plug,  located  at  the  deicing  brush  block,  auxiliary 
pump  motor,  pump  housing  connector,  valve  housing,  and  feather  solenoid 
must  be  unsaf etied I  and  removed.    The  ring  type  nut  shouldSe  care- 
fully backed  off  while  jiggling  the  conduits.    A  universal  Coupling 

f %S  IC?f;C,t^if°!'  lh€  lnpUt  8haft  by  c«»Pl«t*ly  extracting  the 
L \  *  *roove  1:11  th«  «plines  of  the  input 

The  spinner  nose  is  attached  to  the  -63  propeller  by  eight 
retaining  screws  which  must  be  screwed  in  to  release,  then  turned  1/4 
turn  while  pushing  in.    This  locks  the  screw  disengsged.    The  -91 
propeller  has  a  retention  ring  which  is  released  by  installing  a 
socket  on  the  adjusting  screw  and  turning  counterclockwise.  The 
spinner  front  section  is  pulled  straight  off. 

REMOVAL  OP  THE  DOME  ASSEMBLY 

When  preparing  to  remove  the  dome  cap  and  dome  (26),  a  container 
must  be  provided  to  catch  the  hydraulic  fluid.    To  remove  the  cap, 
the  lockwire  (31)  is  removed  from  the  dome  cap.    The  dome  lifting 
handle  takes  the  place  of  the  cap  and  provides  a  place  to  attach  the 
hook  of  the  dome  lifter.    It  is  important  to  use  these  tools  when 
removing  the  dome  because  the  dome  weighs  approximately  125  pounds. 
After  unsaf etying  and  loosening  the  dome  retaining  nut,  it  is  slowly 
moved  forward  to  avoid  splashing  the  hydrsulic  fluid.    The  dome  must 
be  secured  to  prevent  it  from  rolling  off  the  maintenance  stand. 

REMOVAL  OP  THE  PITCH  LOCK  GROUP 

The  pitch  lock  parts  are  retained  by  an  externally  threaded  ring. 
The  safety  for  it  is  a  type  of  lock  wire  called  retaining  ring  (23). 
After  removing  the  externally  threaded  ring  (22),  the  mechanical 
puller  is  screwed  into  the  front  of  the  pitch  lock  regulator.    A  few 
light  taps  with  the  slide  handle  of  the  puller  will  dislodge  the 
pitch  lock  regulator  along  with  the  cam  out  ring  (21) ,  stationary 
ratchet  (20),  and  the  externally  splined  spacer  (propeller  retaining 
nut  lock  ring)  (14). 

REMOVAL  OP  THE  HUB  AND  BLADE  ASSEMBLY 

The  base  plate  is  installed  on  the  barrel  shelf  and  retained  to 
the  barrel  by  a  retaining  ring.    The  base  plate  provides  an  attaching 
place  for  the  sweeney  power  wrench  and  the  propeller  lift  assembly. 

After  loosening  of  the  propeller  retaining  nut  (13)  the  propeller 
can  be  hoisted  off  the  shaft.    Remove  the  spider  to  shaft  seal  (8) 
spacer  (7),  and  rear  cone  (6)  are  then  removed  so  that  the  shaft  can 
be  cleaned  and  inspected. 

Remember  that  the  weight  of  the  propeller  is  nearly  1,000  pounds 
which  makes  handling  it  dangerous.    Do  not  stand  under  the  equipment 
while  it  is  suspended  on  the  hoist.    The  assembly  can  then  be  placed 


3 


9 

ERIC 


732 


11% 

on  *  stand  or  propeller  dolly.    If  it  it  left  in  a  horizontal  posi- 
tion, it  will  drain  slowly,  therefore,  the  control  should  be  drained 
into  a  large  drip  pan  placed  under  it. 

SUMMARY 

The  removal  of  propellers  can  be  a  safe  operation  providing  you 
stay  alert,  do  not  rush,  and  pay  close  attention  to  all  safety  pre- 
cautions described  in  the  maintenance  manual.    Pailure  to  think  before 
each  step  of  the  operation  could  be  disastrous.    Carefully  check  the 
condition  of  your  equipment  and  tools  before  use. 

The  aircraft  maintenance  technical  order  gives  the  step-by-step 
instruction  for  propeller  removal.    Attention  to  those  details  will 
provide  quality  maintenance. 

QUESTIONS 

1.  What  is  the  speed  of  the  propeller  shaft  in  normal  flight 
in  RPM?    In  percent? 

2.  What  is  the  normal  engine  speed  of  the  T-56  engine? 

3.  Where  is  the  propeller  brake  located? 

4.  What  is  the  recommended  blade  angle  for  removal  of  the 
afterbody  top  half? 

5.  Name  the  connector  plugs  which  must  be  disconnected  before 
removing  the  54H60  propeller. 

6.  What  fits  in  the  threads  in  the  front  of  the  dome  when 
removing  the  dome  disassembly? 

7.  Name  the  parts  which  must  be  removed  along  with  the  pitch 
lock  regulator. 

8.  What  is  the  purpose  of  the  special  tool  called  "base  plate"? 

9.  What  parts  must  be  removed  to  allow  cleaning  and  inspection 
of  the  propeller  shaft? 

10.     What  effect  does  NTS  action  have  on  blade  angle? 
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Jet  Engine  Branch  3ABR42633-WB-301 
Chanute  AFB,  Illinois  21  April  1981 

REMOVAL  OF  PROPELLER  ASSEMBLY 

OBJECTIVE 

After  completing  this  workbook  and  your  classroom  instruction, 
you  will  be  able  to  locate  information  pertaining  to  the  removal  of 
a  54H60  turbo  propeller  from  a  T56  engine  gearbox  assembly. 

EQUIPMENT 

Basis  of  Issue 
TO  00-20-2-2  l/student 
TO  00-20-5  l/student 
TO  1C-130A-06  l/student 
TO  1C-130B-2-11  l/student 

PROCEDURE 

Follow  the  directions  given  for  each  of  the  projects  in  this 
workbook. 

Project  1 

DIRECTIONS 

Using  TO  1C-130B-2-11,  answer  the  following  questions. 

1.  The  blades  are  positioned  in  a  beta  range  blade  angle  to  provide 
clearance  for  removal  of  which  parts?   

2.  Which  figure  number  shows  removal  of  the  Hamilton  Standard  Model 
54H60-91  propeller?   

3.  Tool  No.    is  used  to  remove  the  spinner  front  section. 

4.  How  far  must  you  loosen  the  dome  retaining  nut  during  dome 
removal?    


5.      Name  the  parts  of  the  pitch  lock  which  are  removed  after  dome 
removal. 

a.   

b. 


Supersedes  3ABR42633-WB-302,  9  January  1980.  RGL:  N/A 

0PR:  3350  TCHTG 
DISTRIBUTION:  X 

3350  TCHTG/TTGU-J  -  400;    DAV  -  1 

^-  Designed  For  ATC  Course  Use.    Do  Not  Use  on  the  Job. 
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C.  

d. 

e.   

f . 

6.     Name  the  parts  removed  from  the  engine  shaft  after  propeller 
removal. 


a. 

b. 
c. 


7.     What  step  number  tella  you  to  remove  the  pitch  lock  regulator? 


8.     What  is  the  nomenclature  of  tool  part  number  HS7611? 


9.     What  tool  group  is  tool  number  SWE-866380  listed  in? 


Project  2 

DIRECTIONS 


Using  TO  00-20-5,  answer  the  following  questions  pertaining  to  the 
AFTO  Form  95. 

1.      What  is  the  nitle  of  the  AFTO  Form  95? 


2.  As  a  minimum,  what  should  the  information  on  the  AFTO  Form  95 
portray?   

3.  What  entry  is  made  in  Block  1  of  the  AFTO  Form  95?   


4.     What  is  entered  in  Block  4  of  the  AFTO  Form  95  when  the 
acceptance  date  is  not  known?   
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Project  3 


DIRECTIONS 

Using  TO  00-20-2-2,  answer  the  following  questions* 

1*     Whose  work  center  is  entered  in  Block  2  of  the  AFTO  Form  3A9? 


2*      Is  an  entry  required  in  Block  20  of  the  AFTO  Form  3A9  when 
documenting  propeller  removal?   

3.      Part  I  of  the  AFTO  Form  350  is  the   

A.     Which  TO  has  the  applicable  SRD  codes  for  completing  Block  3A 
of  the  AFTO  Form  350?   

5.      From  which  source  do  you  obtain  the  federal  supply  classifi- 
cation code  for  completing  the  AFTO  Form  350?   


DIRECTIONS 

Using  the  following  information  and  the  applicable  references,  make 
the  correct  entries  on  the  AFTO  forms  in  figures  1  and  2. 

1.  Today,  you  and  one  assistant  are  dispatched  to  remove  number  3 
propeller  for  leaking,  found  by  the  ground  crew.    The  propeller  change 
began  at  1000  hours  and  at  1200  hours  you  and  your  crew  stopped  for  lunch. 

2.  At  )300  hours  you  and  your  crew  returned  from  lunch,  the 
propeller  removal  was  completed  at  1500  hours. 

3.  Tha  following  information  is  provided  to  complete  the  necessary 
forms  required  for  this  job. 

a.    General  Information 


Project  A 


Priority: 


2 


Location: 


H2 


Time  Specialist  Required: 


1000  hours 


Job  Standard: 


4  hours 
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b.  Aircraft  Data 

MDS: 
SN: 
ID: 
Time: 

Work  Centar: 

c.  Removed  Propeller  Data 
PN: 

SN: 
Time: 

Work  Center: 
ID: 

Stock  Number: 


C130E,  Assigned  to  317  TAW 

61-4820 

QA4820 

1575.1  hours 

Q2115 

PI.21403 
N221782 
87Q.2  hours 
Q3220 
QA1782 

1610-00-783-5191 


MAINTENANCE  DATA  COLLECTION  RECORD 


1.  JOS  CONT*tl  NO. 
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10.  CN6.  TlfaH 


2.  WfWKttNTEft 


II.  CMCvUC  t  0. 
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u. 
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27.  CONNECTIVE  ACTION 


ft  MCOROS  ACTION 


AFTO  MAI* 7$  349  'KtVIOOft  tWNOK  It  Of S61C1C. 


Figure  1.    AFTO  Form  349. 


73S 


AFTO  FOAM  390  AUG  71 


O 


mjocm  mcau 
ho  n-i 


I  i 


7  ftOMUMTOOK 


i  nut  era 


i  qn 


11 


n  8uw.y  oocuMpq  nuww 


t4 


4&  ,5  f)Wll*X  L**K/*>f 


it  *ormt  only 


ISA.  CMCVACT 10  | 1S&  •MOP  ACTION  TAK£N 

TAd  MO. 


624722 


AFTO«>*T  1 


H  MflY  OOCUflNT  NUMKH 


IT  NOMIMCLATIMC 


PAIITNUMMR 


»  ACgON  I  21  OTY 


».         Utt  ONLY 


624722 


*MOHOKT  II 
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Jet  Engine  Branch 
Chanute  AFB,  Illinois 


3ABR42633-SG-309- 
24  January  1980 


REMOVAL  OF  CONTROL,  REAR  SPINNER  AND  DEICING  CONTACT  RING 
OBJECTIVE 

After  completing  this  study  guide  and  your  classroom  instruction, 
you  will  be  able  to  remove  the  contact  assembly,  rear  spinner,  and 
deicing  contact  ring  from  a  54H60  turbo  propeller. 

INTRODUCTION 

After  the  propeller  has  been  removed,  the  components  mounted  on  the 
back  can  now  be  removed  to  prepare  for  repair  or  packaging  to  ship  out 
for  overhaul. 

INFORMATION 


Two  components  of  the  afterbody  which  remain  with  the  propeller  ' 
when  it  is  removed  from  the  aircraft  are  the  afterbody  bottom  half  and 
afterbody  mounting  bracket.    The  electrical  wires  and  mounting  bolts  are 
removed  at  this  time  to  avoid  damage  to  the  afterbody  and  its"  parts  when 
the  propeller  control  assembly  is  handled. 


The  control  is  removed  while  the  No.  1  blade  angle  is  still  at 
or  slightly  above  feather  angle.    This  will  avoid  snapback  of  the  beta 
linkage. 

The  pin  retaining  ring  is  removed  from  the  spider  bore  by  lifting  the 
two  pins  out  of  the  holes.  Then  the  control  puller  tool  is  bolted  to  four 
of  the  studs  which  hold  the  rear  seal  assembly  in  place.  By  turning  the 
long  threaded  bolt  of  the  puller  clockwise,  the  control  will  slide  off  the 
hub  extension.  Be  prepared  to  catch  the  spilled  fluid.  Carefully  support 
the  control  (which  weighs  about  117  lbs)  to  prevent  it  from  falling. 


The  purpose  of  the  deicer  contact  ring  slipring  is  to  transmit 
electrical  power  from  the  brush  block  mounted  on  the  pump  housing  to 
the  rotating  propeller.    Also,  four  smaller  brush  blocks  are  mounted 
on  the  front  side  of  the  deicing  contact  ring  assembly  to  transmit 
deicing  power  to  the  blade  sliprings  which  are  wrapped  around  the 
shank  of  each  blade. 


AFTERBODY  REMOVAL 


CONTROL  REMOVAL 


REMOVAL  OF  DEICER  CONTACT  RING  AND  REAR  SPINNER 


0?R:  3350  TCHTC 
DISTRIBUTION:  X 

3350  TCHTG/TTGU-J  -  200;  TTVSA  -  1 
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After  disconnecting  the  four  straps  attached  to  the  spinner-, 
unsafety  and  loosen  the  eight  socket  head  cap  screws  and  washers  ^  • 
Removing  the  socket  head  bolts  will  allow  the  deicer  contact  ring, 
seal  ring  and  preformed  packing  to  be  removed.    The  purpose  of  the 
seal  ring  and  preformed  packing  is  to  prevent  leakage  between'  the  • ,f 
rotating  rear  barrel  and  the  front  of  the  stationary  pump  housing 
(cover  plate)* 

The  rear?  spinner  is  attached  to*  the  aft  side  of  the.  hub  bulkhead 
and  seal  assembly.    Removing  &  self-locking  nuts  inside  the  rear 
spinner  will  allow  the  spinner  to  coma  off.    The  dowel  bolts, '  spacers, 
and-  washers  should  be  placed  together  with  the  nuts  to  prevent  losing 
them.    The  propeller  la  ready  for  further  disassembly  as  soon  as  it  is 
placed.  or>  the  assembly-  post.. 

Components  to  be  removed  prior  to  hub  and  blade  disassembly  are 
afterbody  bottom  half  and  bracket,  control  *  deicer  contact  ring,,  and 
rear  spinner  assembly.    Special  care  and  attention  will  assure  that  the 
parts  are  not  damaged  during  removal. 

QUESTIORS 

1.  Which  parts  of  the  propeller  will  remain  until  after  removal 
from  the  aircraft? 

2.  What  is  the  reason  for  removing  the  afterbody  bracket  from 
the  pump  housing? 

3.  Removing  the  control  assembly  while  the  blades  are  at  feather 
angle  protects  which  parts? 

-4.     What  is  mounted  on  the  deicer  contact  ring? 
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Jet  Engine  Branch  3ABR42633-WB-302 
Chanute  AFB,  Illinois  21  April  1981 

REMOVAL  OF  PROPELLER  CONTROL  ASSEMBLY,  DEICING 
CONTACT  RING,  AND  REAR  SPINNER 

OBJECTIVES 

After  completing  this  workbook  and  your  classroom  instruction, 
you  will  be  able  to: 

1.  Locate  and  use  the  technical  order  to  locate  specific 
instructions  for  removal  of  control,  rear  spinner,  and  deicing 
contact  ring  assemblies. 

2.  Locate  and  use  the  technical  orders  needed  to  document  the 
proper  forms  for  removal  of  control,  rear  spinner,  and  deicing  contact 
ring  assemblies. 

EQUIPMENT 

TO  00-20-2-10 
TO  1C-130A-06 
TO  3H1-18-2 
3ABR42633-WB-301 

r  PROCEDURE 

V 

Follow  the  directions  given  for  each  of  the  projects  in  this 
workbook. 

Project  1 

DIRECTIONS 

Using  TO  3H1-18-2,  answer  the  following  questions  about  the 
control  assembly  removal. 

1.  The  afterbody  half  must  be  removed  before  the 

propeller  control  can  be  removed . 

2.  What  advantage  can  be  gained  by  removing  the  control  while 
the  blades  are  at  the  feather  angle?   


Basis  of  Issue 

l/student 

1/student 

l/student 

l/student 


Supersedes  3ABRA2633-WB-303,  24  January  1980.  RGL:  N/A 
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DISTRIBUTION:  X 

3350  TCHTG/TTGU-J  -  400;    DAV  -  1 

Designed  for  ATC  Course  Use.    Do  Not  Use  on  the  Job. 

1 


ERLC 


742 


m 

3.      What  position  must  the  propeller  be  in  for  control  assembly 

removal? 

4.      What  must  be  removed  from  within  the  barrel  extension  during 

control  removal? 

5.      What  is  the  name  of  the  tool  shown  in  figure  3-60? 

6.      What  is  the  part  number  of  the  mechanical  puller  used  to 

remove  the  control  assembly? 

7.      What  direction  is  the  mechanical  puller  handle  turned  to 

remove  the  control? 

Project  2 

DIRECTIONS 

Using  TO  3H1-18-2,  answer  the  following  questions  about  the  deicer 
contact  ring  holder  assembly  removal. 

1.      What  paragraph  covers  the  procedure  for  contact  ring  holder 

j 

removal? 

2.      How  many  electrical  connector  straps  must  be  disconnected 

from  the  deicer  contact  ring  holder  assembly? 

3*      What  type  screws  hold  the  deicer  contact  ring  holder  assembly 

to  the  hub  assembly? 

Project  3 

DIRECTIONS 

Using  TO  3H1-18-2,  answer  the  following  questions  about  the  rear 
spinner  removal. 

1.      What  figure  is  given  as  a  reference  for  the  eight  self-locking 

nuts  that  are  removed  during  rear  spinner  removal? 

2.      What  is  the  figure  and  index  number  of  the  flat  washers,  and 

dowel  bolts  removed  during  rear  spinner  removal?  , 

J 

and 

2 

ERJ.C 

7-V3 
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DIRECTIONS 


Using  the  following  information  and  the  applicable  references, 
make  the  correct  entries  on  the  AFTO  Forms  349  and  350  in  figures  1 
and  2. 

1.  You  are  assigned  to  the  Turbo  Propeller  Shop  and  are  given  the 
task  of  removing  the  control  assembly  that  was  leaking  on  the  prop 

that  was  removed  on  the  last  lesson  in  WB-301. 

2.  The  job  started  at  0900  hours  and  was  completed  at  0930  hours. 

3.  The  following  information  is  provided  to  complete  the  necessary 
forms  required  for  this  job. 


r 

V 


General  Information 

Priority: 

Location 

Time  Specialist  Required: 
Job  Standard: 
Work  Center: 

Aircraft  Data 

SN: 
ID: 
Time: 

Pump  Housing  Data 

PN: 

SN: 

Time: 

Stock  Number: 


2 

P3 

0900  hours 
1/2  hour 
Q3220 

61-4820 
QA4820 
1575. 1  hours 

733872-2 
SE7355 
730.6  hours 
1610-00-005-8685 
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MAINTENANCE  DATA  COLLECTION  RECORD 

1.  JOO  C0N1MI  NO.     j  2.  WIWKCINTW     3.  1.0.  M./SMUL  NO. 

4.  MOS              5.  SRO 

t.  TIME 

7  mi 

«.  SORTIE  NO. 

9  LOCATION 

10  CNC  \mi 

it.  EfcCIMf  IP.      1?  INS!  CMC  TIMC  13.  INST.  [MC.  ID. 

14. 

IS 

IS 

17  n«t  '.pc  uro 

II  KM  STD 

\%.  ESC  ' 

20.  part  Humm 

21.  $».  KC./OPtR.  TIMC 

22.  TAG  NO. 

23.  INST.  ITEM  PART  NO. 

24.  ser 

IAL  MUMtEft 

Im.oper  TIME 

z 

» 

main; 

• 

■  COVF 
1  

1  « 
1 

-    ttC<t\  L'HII  COOt 

• 

ACTION 
TAXfW 

t 

WHEN 

DISC 

f 

HOW  MAI 

• 

UNITS 

■ 

START 
HOUR 

1 

STOP 
OAT  HOUR 

r 

J 

CREY 

St2L 

r 

K 
CAT 

I 

CMO 
ACT  IU 

M 

SCH 
CUOE 

N 

EMPLOYE  i 

1 

2 

3 

4 

5 

2».  OIXtttfMKY 

27.  COMICTIVf  ACTUM 


AFTO 

HAY*?1  349  p«tv»oirt  cdkioh  »  oMOLitt. 

Figure  1.    AFTO  Form  349. 
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AFTO  FORM  350  FEB.  1977 

KfVIOVt  lOQlOi  WIU  H  HMO 


•0  O-KtV 


I.  kx  connot  M. 


REPARABLE  ITEM  PgOCgggINQ  ta» 


Z.  M/StftlAl  ML 


».  NOW 

MAI. 


M  |U  4  WMCN 

MX 


1  Mil 


7.  HOIK  UWT  COOC 
10.  «C      I  11.  PMT  HUM  MR  


«  run  open  .  i.  fn." 

TIME  (  j 


12.  SI  RIAL  ftUMICft 


11  lUfflY  DOCUMENT  WUMIfT 


14  MSCJUPAMCY 


li   SHO*  USE  ONLT 


JU   CMO/ACt  10 


096900 


"Ano  mo  n.  i 


11    .oPrt.T  DOCUMCNT  HUMICR 


\1  MOMtNCLATURC 


II    MKT  NUMBft 


»   ACTIO*      J  21    QTY  12,  ft*C    USf  0»ilY 


096900 


Alio  m  fiTT 


Figure  2.     AFTO  Form  3.50. 
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INSTALLATION  OF  REAR  SPINNER,  DEICING  CONTACT  RING, 
AND  CONTROL  ASSEMBLIES 


OBJECTIVE 

After  completing  this  study  guide  and  your  classroom  instruc- 
tion, you  will  be  able  to  install,  with  assistance,  the  54H60  propeller 
rear  spinner,  deicing  contact  ring,  and  propeller  control  assemblies. 

INTRODUCTION 

After  the  propeller  has  been  assembled  and  tested,  it  is  ready 
for  the  external  parts  necessary  for  installation  on  the  aircraft. 
A  detailed  description  will  help  you  understand  your  work  better. 


Refer  to  figure  1  to  determine  the  installation  sequence  of  the 
following  items  as  they  are  mentioned. 

After  the  hub  mounting  bulkhead  has  been  attached  and  safetied  to 
the  barrel  bolt  extension  studs,  eight  dowel  bolts  are  used  to  attach  the 
rear  spinner  to  the  propeller.    The  dowel  bolts  have  bullet  shaped 
ends  that  project  into  holes  in  front  spinner.    Behind  th<*  bulkhead 
a  sleeve  spacer  allc:-s  the  dowel  bolts  to  be  torqued  tight  without 


OPR:  3350  TCHTG 
DISTRIBUTION:  X 

3330  TCHTG/TTGU-J  -  200;  TTVSA  -  1 

Desigend  for  ATC  Course  Use.    Do  Not  Use  on  the  Job. 
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Jet  Engine  Branch 
Chanate  AFB,  Illinois 


3ABR42633-WB-303 
21  April  1981 


INSTALLATION  OF  REAR  SPINNER,  DEICING  CONTACT 
RING,  AND  CONTROL  ASSEMBLY 


OBJECTIVES 

After  completing  this  workbook  and  your  classroom  instruction, 
you  will  be  able  to: 

1.  Locate  and  use  the  proper  technical  order  to  install  the 
5AH60  propeller  rear  spinner,  deicing  contact  ring  and  control 
assembly. 

2.  Locate  and  use  the  proper  technical  orders  to  document  AFTO 
Forms  3A9  and  350  for  installation  of  the  rear  spinner,  deicing  con- 
tact ring,  and  control  assembly. 

3.  Use  the  proper  TO  to  locate  information  pertaining  to  AFTO 
Form  95  entries. 

EQUIPMENT 


Follow  the  directions  given  for  each  of  the  projects  in  this  workbook. 


DIRECTIONS 

Using  TO  1C-130B-2-11,  answer  the  following  questions  and  complete 
the  incomplete  statements. 

1.      How  do  you  align  the  rear  spinner  to  the  hub  mounting 
bulkhead? 


Basis  of  Issue 


TO  00-20-2-10 
TO  00-20-5 
TO  1C-130A-06 
TO  1C-130B-2-11 
3ABR42633-WB-301 


l/student 
1 /student 
l/student 
l/student 
l/student 


PROCEDURE 
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How  much  torque  is  applied  to  spinner  mounting  nuts? 


3.      What  is  the  specification  of  the  varnish  that  is  used  to 
coat  the  electrical  connections? 


Supersedes  3ABR42633-WB-304,  9  January  1980. 
OPR:    3350  TCHTG 
DISTRIBUTION:  X 


RGL:  N/A 


3350  TCHTG/TTGU-J  -  400;  DAV  -  1 


Designed  for  ATC  Course  Use,    Do  Not  Use  on  the  Job. 
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4.  Before  installing  the  control  assembly ,  number  one  blade 
must  be  set  at  what  degree  blade  angle?   

5.  What  is  the  part  number  of  the  rigging  pin  that  is  used  to 
lock  the  beta  shaft  in  position?  ____  

6.  Why  must  the  two  beta  shaft  adjustment  screws  be  backed  off? 

7.  What  are  the  specifications  of  the  lubricant  used  to  lubri- 
cate the  propeller  barrel  extension?    and 


8.  How  many  bolts  and  washers  are  used  to  attach  the  slip  ring 
assembly  to  the  barrel?  

9.  When  installing  the  control  assembly  using  tool  P/N  HS-7556 
or  HS-8173,  in  what  direction  is  the  puller  handle  turned?   


10.  What  is  used  to  lock  the  control  assembly  into  position  on 
the  barrel  extension  bore? 


Project  2 

DIRECTIONS 

Using  TO  00-20-5,  answer  the  following  questions  pertaining  to 
AFTO  Form  95. 

1.      What  section  of  the  this  TO  covers  the  AFTO  Form  95  entries? 


2.      What  entry  is  made  in  column  A  of  the  AFTO  Form  95? 


3.      What  entry  is  made  in  block  4  of  the  AFTO  Form  95? 


Project  3 

DIRECTIONS 


Using  the  following  information  and  the  applicable  references, 
make  the  correct  entries  on  the  AFTO  Form  349  in  figure  1. 

1.  You  are  assigned  to  the  turbopropeller  shop  and  given  the 

task  of  installing  the  control  assembly  on  a  propeller  that  is  to 

be  installed  on  a  C-130E.ID  number  QA-4820,  that  is  assigned  to 
317  TAW. 

2.  The  job  began  at  0800  and  was  completed  at  1000  hours. 

2 
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3.  The  original  discrepancy  was  No.  3  prop  control  assembly 
leaking,  which  was  discovered  between  flights  by  the  ground  crew. 

4.  The  following  information  is  provided  to  complete  the  necessary 
form  required  for  this  job. 

a.      General  Information: 

Job  Control  Number  -  Dse  job  control  number  from  WB-301 


Priority: 
Location: 

Time  Specialist  Required 
Job  Standard: 

b.  Propeller  data: 
Part  Number: 
Serial  Number: 
ID: 

Work  Center: 
Time: 

c.  Pump  Housing  Data 
Part  Number: 
Serial  Number: 
350  Tag  No: 
Work  Center: 
Time: 

Stock  Number: 

d.  Aircraft  Data: 
ID: 

Serial  Number: 
Time: 


2 

P3 

0800 
2  hours 


54H60-91 
N221782 
AA4820 
Q3220 

1290.2  hour 8 
(Control  Assembly) 

733872-2 
SE8643 
148748 
Q3220 
00.0  hours 
1610-00-005-8685 

QA-4820 
61-4820 
1575.1  hours 
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MAINTENANCE  DATA  COLLECTION  RECORD 

OMR  NO 
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to.  tm  mmn 

21  SCR  NO./OfCR.  TIME 

22  I AC  NO        23.  CMS!.  lltM  fAftf  NO. 

24  SERIAL  NUMiER 

[»  OMR  TIME 
1 

1? 
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• 

ACTION 
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WHEN 
DISC 

9 

MOW  MAI 

1 

UNITS 

N 
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1 

STOJ 
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J 

CREW 

K 

CAT 
U8 

I 
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ACT  10 

M 

SCH 
cuut 
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f  MKLOYH 
NUMtftM 
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3 
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5 

M 
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27.  COMECIIVf  ACTIO* 

j%  RECORDS  ACTION 

AFTO  ma??!  349  MWVIOM  COITIOH  ISOtSOtCTC. 


Figure  1.    AFTO  Form  349. 
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Jet  Engine  Branch 
Chanute  AtB,  Illinois 


3o> 

3ABR42633-SG-3G1 
4  January  1980 


INSTALLATION  OF  PROPELLER  ASSEMBLY 


OBJECTIVE 

After  completing  this  study  guide  and  your  classroom  instruc- 
tion, you  will  be  able  to  Install  the  54H60  propeller  assembly  on 
the  T56  engine  gearbox. 

INTRODUCTION 

One  of  the  most  important  tasks  you  can  expect  to  perform  on 
the  flightline  as  a  turboprop  mechanic  Is  propeller  installation. 
The  C-130  propeller  requires  special  care  because  of  the  pitch  lock 
parts  that  must  be  Installed  prior  to  installing  the  dome. 

INFORMATION 


Before  installing  the  54H60  propeller,  several  steps  are  neces- 
sary.   The  shaft  must  be  cleaned,  inspected  and  recoated  with  oil 
(hydraulic  fluid).    After  insuring  that  the  thrust  nut  is  properly 
tight  and  safetied  with  a  lock  ring,  install  the  rear  cone  and 
spacer  with  a  new  spider  to  shaft  W0M  ring  seal.    The  cone  is  kept 
dry  and  free  of  oil  to  insure  a  tight  fit  when  the  propeller  shaft 
nut  torque  is  applied.  % 

The  drive  bracket  is  checked  for  wear  by  temporarily  placing  it 
in  between  the  tangs  on  the  back  of  the  propeller  control  and 
measuring  the  clearance  must  not  exceed  .050  of  an  inch.    The  drive 
bracket  must  be  installed  at  the  six  o'clock  position  on  the  nose 
section  of  the  engine. 

The  NTS  bracket  assembly  Is  attached  to  the  nose  sectici  of  the 
engine  over  the  plunger  at  the  ten  ofclock  position.    Three  screws 
hold  the  bracket  in  place. 

The  blade  gear  positioning  tool  must  be  removed  to  Install 
the  baseplate.    Care  must  be  taken  not  to  turn  #1  blade  when 
alignment  pins  are  Installed  in  the  valve  housing.    When  the 
alignment  pin  is  removed  from  the  beta  shaft,  #1  blade  can  be 
turned,  but  not  beyond  minus  10*  or  plus  100*  blade  angle.  The 
stops  on  the  beta  shaft  would  be  broken  in  case  of  excessive  travel. 

Installation  on  the  Shaft 

After  all  the  preparation  steps  are  completed,  the  propeller 
assembly  is  hoisted  in  place  on  the  shaft.    The  prop  retaining  nut 
must  have  external  grooves  of  the  nut.    The  nut  should  be  hand 

Opil  3350  TCHTG 
DISTRIBUTION:  X 

3350  TCHTG/TTGU-J  -  200;  TTVSA  -  1 

Desltned  for  ATC  Course  Use.    Do  Not  Use  on  the  Job. 
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IFSfJH  *I  *!?  "  *V°id  Cr°"  thrMdin8-    Torque  i.  applied 

rlrlnt    ^."I  ?        8V*eney  P0W*r  tfreDCh-    To  C0^ut«  actual 
torque,  the  date  plate  under  the  handle  Is  used. 

The  pitchlock  parts  are  installed  after  the  retaining  nut 

*ZPliet'    nt  Pltchlock  regulator  must  have  three 
?!!^   Prefor»*d  Packings  in  place  in  the  proper  grooves.  The 
slide  hammer  type  special  tool  is  used  to  drive  the  pitchlock 

HEi^E  •  f°Ud  80UDd  U  hMrd«    te  "temally  .plined 

spacer  U  fitted  in  place  around  the  regulator  to  lock   he  prop 
retaining  nut.    The  stationary  ratchet  is  installed  next  with  the 
£        /liped  directly  with  the  center  line  of  number  2 
blade.    The  apider  bore  Is  marked  with  an  etch  mark  to  .id  in 
alignment  of  the  ratchet.    The  control  cam  (cam  out  ring)  ie 
positioned  over  the  ratchet  with  the  do*el  hole  aligned  to  the 
same  etch  mark.    The  pitch  lock  components  are  retained  in  the 
spider  bore  by  an  externally  threaded  ring  and  safetled  with  a 

11  !i«ifiSa8*  With  th* bUdM  at  fMther  M8U  the  do"  »» ™ 

The  dome  should  be  checked  to  insure  the  stop  ring  ia  properly 
indexed  at  92.5'  and  placed  in  the  feather  position.    The  d£« 
*l ^*  I™*  !*  8elected  in  «ccordance  with  the  thickness 
Jf2?.r      Jb*rr!1  8h,lf*  stalling  the  preload  shims, 

Place  them  under  the  serration  in  the  front  barrel  half.    If  the 
location  of  the  dome  retaining  nut  lock  screw  was  marked  at 
removal,  the  dome  retaining  nut  should  be  re-installed  to  line 
up  at  the  same  mark.    If  not  marked,  the  dome  must  be  installed 
without  the  "0"  ring  seal  as  directed  by  the  technical  order. 

I'L    !       *  18  •4f*titd.  *h«  dome  lifting  handle  is  unscrewed 
and  the  dome  cap  is  installed.    The  cap  is  safetied  with  a  wire 
retaining  ring.    The  holes  .hould  be  marked  before  putting  on  the 

T  f*Pvit0  •J1!*  !Mtln»  of  th*  lock         ^cause  the  holes  are 
not  viaible  with  the  aap  in  place. 

Connecting  Linkage  and  Electrical  Plugs 

The  universal  joint  is  connected  to  the  input  shaft  and 
safetied  with  safety  wire. 

AN  connectors  must  be  attached  to  the  de-icing  brush  block, 
auxiliary  motor,  solenoid  valve,  valve  houaing  main  connector 

lh*^PVal  h0U!in?  connector  PIu*«    Each  of  the  connector 
pluga  must  then  be  safetied  with  safety  wire. 

a  vS0!1  *l'P*  iUCh  M  "dicing,  »d justing  the  pulse  generator 
and  NTS  bracket  are  discussed  In  Block  III  of  this  course.  The 
remaining  parts  of  the  spinner  and  cowling  access  panels  will 
complete  the  installation  of  the  propeller. 

SUMMARY 

The  removal  and  installation  of  the  propel  n  assembly 

lllltlZ  C*re*    *•  fr0Dt  0f  th'  en*ine  •houid  *•  Properly 

prepared  and  necessary  units  installed  before  hoisting  the  prop 
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in  place.    The  retaining  nut  and  pitchlock  parts  must  have  their 
seals  in  place  and  then  carefully  installed.    The  final  steps 
include  servicing,  adjusting  and  installing  spinner  parts  and 
cowling. 

QUESTIONS 

1.  What  parts  require  a  coating  of  hydraulic  fluid  prior 
to  installing  the  prop? 

2.  Where  is  the  drive  bracket  mounted?    NTS  bracket? 

3.  What  precaution  must  be  observed  after  removing  the 
blade  gear  positioning  tool? 

4.  What  unit  acts  as  the  propeller  retaining  nut  lock? 

5.  Which  parts  are  required  to  be  aligned  with  #2  blade 
center  line? 

6.  What  procedures  are  used  to  insure  that  both  blades  and 
are  at  the  same  blade  angle  during  propeller  installation? 

7.  Which  procedure  is  used  to  determine  the  location  of 
the  dome  retaining  nut  safety  screw  if  the  location  was  not 
marked  during  disaasembly? 

8.  What  type  of  safety  device  prevents  loss  of  the  dome 

cap? 

9.  Name  the  mechanical  and  electrical  hookups  from  the  prop 
to  the  engine.  v  v 
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Jet  Engine  Branch  3ABR42633-WB-304 
Chanute  AFB,  Illinois  22  April  1981 

INSTALLATION  OF  PROPELLER  ASSEMBLY 

OBJECTIVE 

After  completing  this  workbook  and  your  classroom  instruction,  you 
will  be  able  to,  working  with  a  group,  install  the  54H60  propeller  assembly 
on  the  T56  engine  in  accordance  with  TO  1C-130B-2-1. 

EQUIPMENT 

Basis  of  Issue 

TO  00-20-2-2  l/student 

TO  1C-130A-60  l/student 

TO  1C-130B-2-11  l/student 

Trainer,  Propeller  Change  1/5  students 

Handtools  &  Special  Tools  1/5  students 

Applicable  AGE  1/5  students 

PROCEDURE 

Follow  the  directions  given  for  each  of  the  projects  in  this  workbook. 

Project  1 

DIRECTIONS 

Using  TO  1C-130B-2-11  and  complete  the  statements  and  answer  the 
following  questions. 

1.      Before  installing  the  propeller  check  the  condition  of  the 

 and  .  >  and   the  O-ring  seal. 


2.  What  is  the  maximum  clearance  allowed  between  the  drive  bracket 
and  the  torque  retainer?   

3.  What  type  oils  must  be  used  to  lubricate  packings  when 
installing  the  propeller  retaining  nut?   ,  ,  or 


4.      Tighten  the  propeller  retaining  nut  to  between 
and  m   foot-pounds  torque. 


ERIC 
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5.      How  is  the  locking  control  cam  aligned  during  installation? 


6.  Place  all  blades  and  the  dome  assembly  in  the   

position. 

7.  List  six  cautions  to  be  observed  during  prop  installation, 
a. 


c. 


d. 


e. 


8.      To  connect  the  propeller  control  linkage  the  engine  throttle  must 

be  in  the   position. 

Project  2 

DIRECTIONS 

Use  TO  00-20-2-2  and  complete  the  statements  and  answer  the  following 
questions. 

1.      Who  assigns  job  control  numbers  for  AFTO  Form  349  entries? 


2.      An  entry  is  required  in  Block  6  of  the  AFTO  Form  349  for 


and   of  items  identified  with  an  in  the  work 

code  manual. 


3*      When  must  you  enter  the  time  the  specialist  is  required  on  an 

AFTO  Form  349?  

4*      What  part  number  is  entered  in  Block  23  of  the  AFTO  Form  349? 


5.      Does  removal  and  replacement  of  items  identified  by  the 
abbreviation  TCI  in  the  work  unit  code  manual  require  any  entry  in  the 

"RECORDS  ACTION*1  block  when  completing  an  AFTO  Form  349?   

Project  3 

DIRECTIONS 

Use  TO  1C-13QA-06  and  answer  the  following  questions. 

1.  What  action  taken  code  will  be  entered  on  the  AFTO  Form  349 
for  installing  the  propeller?   

2.  What  is  the  itiiXmJDttoim  code  for  "no  defect11?   

3.  What  is  the  work  unit  code  for  ihe  complete  propeller  assembly? 


Project  4 

DIRECTIONS 

Using  the  following  information  and  the  applicable  references,  make 
the  correct  entries  on  the  AFTO  Form  349  in  figure  1. 

1.  You  and  a  crew  of  two  assistants  are  dispatched  to  install  the 
number  3  propeller  assembly.    The  propeller  was  removed  because  of 
leaking,  found  by  the  ground  crew  between  flights. 

2.  The  propeller  installation  began  at  1900  hours  and  was  completed 
at  2300  hours. 

3.  The  following  information  is  provided  to  complete  the  necessary 
form  for  this  job. 

a.      General  Information 

Job  Control  Number  -  Use  job  control  number  from  WB-301 

Priority:  3 

r 

Location:  P2 

3  757 


1«p 


Time  Specialist  Required: 

1900 

Job  Standard: 

4  hours 

Aircraft  Data 

MDS: 

C130E,  Assigned 

SN: 

61-4820 

ID: 

QA-4820 

Time: 

1575.1  hours 

Work  Center: 

Q2115 

Propeller  Data 

PN: 

PL21403 

SN: 

N2Z1782 

Time: 

870.2  hours 

Work  Center: 

Q3220 

ID: 

QA1782 

Stock  Number: 

1610-00-783-5191 

J 
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MAINTENANCE  *  DATA  COLLECTION  RECORD 


1.  JOt  CONTRpt  NO.        2.  WORKCENTER     3.  I.D.  NO./SCRIAL  NO 

P0SC 

1.  *DS               5.  SRD 

1.  TIME 

7.  PRI 

1.  . 

SORTIE  NO 

9  LOCATION 
18.  K>8  STD 

10.  ER*.  TIME 

II.  ENCINC  10.      17  INST  CNC  TIME  13.  INST.  ENC  10 

14                         IV  IS. 

17    iimi  sr<  hi 

19  fSC 

k  part  noma 

21  SM  NO  /OPER.  TIME 

22  TAG  NO.         23.  INST.  ITEM  PART  NO. 

24.  SERIAL  XUMRER 

25  0*ER.  TIME 

I 

5 

* 

type 

MAIM 

• 

CCVP 

PC! 

i  • 

'    VtlKH  UNIT  COl>€ 

• 

ACTION 
TAAER 

E 

WHEN 
DISC 

r 

HOW  MAI 

C 

UNItS 

N 

START 
HOW 

1 

STOP 
OAT  HOUR 

J 

CREW 

SIZE 

k"  " 

CAT 
LAS 

I 

CMO 
ACT  10 

M 

SCH 
COC* 

H 

EMPLOYEE 
NUMBER 

1 

2 

3 

4 

5 

M 

OIRCREPANCY 

27.  COMMCTIVf  ACT  KM 

7*  RECOROS  ACTION 

AFTO 

NA?7f  349  MtWOUt  IDITION  If  OMOLITC. 


Figure  1.    AFTO  Form  349. 
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Jet  Engine  Branch  3ABR42633-SG-305 
Chanute  AFB,  Illinois  22  January  1980 

DISASSEMBLY  AND  INSPECTION  OF  HUB  AND  BLADE  ASSEMBLY 

OBJECTIVE 


After  completing  this  study  guide  and  your  classroom  instruction, 
you  will  be  able  to  disassemble  and  inspect  the  hub  and  blade  assembly. 

INTRODUCTION 


After  the  propeller  has  been  removed,  the  disassembly  of  the  hub 
and  blades  is  necessary  for  either  replacement  of  seals  or  preparation 
for  shipment  to  the  overhaul  facility. 

This  study  guide  is  designed  to  familiarize  you  with  the  parts  to 
be  disassembled. 


INFORMATION 


The  hub  and  blade  assembly  consists  of  two  major  components.  These 
are  the  barrel  assembly  and  the  blades  and  their  associated  parts.  When 
disassembling  the  hub  and  blade  assembly,  there  are  certain  steps  which 
must  be  followed  for  safety  and  FOD  prevention. 


BARREL  ASSEMBLY 


The  barrel  assembly  serves  as  a  housing  for  the  entire  propeller  and 
retains  the  blades  in  the  assembly.     See  figure  1.    The  barrel  is  manu- 
factured in  twc  halves.    These  are  machined  and  balanced  as  one  unit  and 
kept  together  throughout  the  service  life  of  the  propeller.    The  rear 
barrel  half  has  an  extension  on  it  to  mount  the  control  assembly.  Internal 
splines  of  the  barrel  will  mate  with  the  splines  of  the  propeller  shaft. 
Front  and  rear  cones  center  the  propeller  on  the  shaft.     Oil  passages 
are  provided  in  the  front  cone  by  machined  out  grooves.    Barrel  bolts  hold 
the  barrel  halves  together.    Minor  balance  adjustment  is  made  by  attaching 
bolts,  nut 8,  and  washers  on  the  hub  bulkhead  and  seal  assembly.  Barrel 
half  seals  provide  an  oil  seal  between  barrel  halves.    They  protrude  into 
the  blade  seal  to  prevent  any  leakage  in  this  area.     See  figure  1,  items 
14  and  23. 


BLADE  ASSEMBLY 


The  major  items  that  make  up  this  assembly  are  the:    blade;  beveled 
thrust  washer;  split  thrust  washer;  split  roller  thrust  bearing;  blade 
bushing;  balance  plug;  balance  washer  or  washers;  and  deicer  heater. 
See  figure  2.    The  blade  is  forged  from  a  hard  aluminum  alloy.    It  is 
machined  and  handworked  into  its  final  shape.     The  beveled  thrust  washer 
is  installed  on  the  blade  before  the  butt  is  formed.    The  centrifugal 
loads  generated  by  the  blades  are  transmitted  from  the  butt  through  the 
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1.  Preformed  Packing 

2.  Packing  Retainer 

3.  Rear  Cone 

4.  Pin  Retaining  Ring 

5.  Retaining  Ring 

6.  Preformed  Packing 

7.  Preformed  Packing 

8.  'Prop  Retaining  Nut 

9.  Front  Cone 

10.  Cotter  Pin 

11.  liarrel  Boil  Nut 

12.  Barrel  Dolt 

13.  Barrel  Bolt 

14.  barrel  Half  Sea! 

15.  Beta  Gear  Segment 


16.  Blade  Shim  Plate 

17.  Blade  Barrel  Shim 

18.  Micro  Adjusting  Ring 

19.  Blade  Gear  Segment 

20.  Gear  Segment  Shim 

21.  Thruat  Washer 

22.  Packing  Lock  Ring 

23.  Preformed  Packing 

24.  Cotter  Pin 

25.  Hex  Slotted  Nut 

26.  Spur  Gear 

27.  Beta  Feedback  Shaft 

28.  Feedback  Gear  Bushing 

29.  Front  Barrel  Half 

30.  Rear  Barrel  Half 


Figure  1.    Hub  Assembly 


1. 

2. 
3. 
4. 
5. 
6. 
7. 
8. 
9. 
10. 
11. 
12. 
IS. 
14. 
IS. 
16. 
17. 
18. 
19. 
20. 
21. 
22. 
23. 
24. 
25. 
26. 
27. 


Anti-Erosion  Sheath 
Blades  Deicer  Heater 
Rubber  Strip  Seal 
Electrical  Contact  Rings 
Insulation  Sheath 
Special  Purpose  Cable  Assembly 
Electrical  Contact  Ring  Holder 
Rubber  Fairing  Boot 
Coverstock 
Formed  Fairing 

Friction  Reduction  Strip  (Teflon) 
Crowned  Roller 
Thrust  Bearing  Retainer 
Shim  Plate  Drive  Pin 
Drive  Pin 
Flat  Head  Screw 
Blade  Bushing 
Hex  Head  Nut 
Lock  Washer 
Flat  Washer 
Plain  Washer 
Flat  Lead  Washer 
Flat  Lead  Washer 
Flat  Lead  Washe- 
Stud 
Plug 
Blade 
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Figure  2.    Blade  Assembly 
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beveled  thrust  washer,  split  roller  thrust  bearing  and  split  thrust 
washer.    A  portion  of  the  shank  is  hollow  and  bored  to  size.    This  is  done 
to  lighten  the  blade,  to  provide  for  major  balance  and  make  room  for  the 
blade  bushing.    The  blade  plug  prevents  oil  from  entering  the  hollow  blade 
shank.    The  bushing  is  secured  to  the  blade  butt  by  two  flathaad  screws 
and  four  drive  pins.     Two  of  the  drive  pins  aline  the  bushing  to  the  ' 
blade.    The  other  two  are  used  to  locate  the  blade  shim.     The  flange  of 
the  bushing  is  splined  to  receive  the  micro  adjusting  ring. 

The  blade  plug  incorporates  a  stud  onto  which  washers  are  installed 
to  accomplish  major  balance.    The  fairing  or  cuff  is  designed  to  stream- 
line the  blade.     It  will  also  direct  the  flow  of  air  into  the  engine. 
The  fairing  is  made  of  a  plastic  foam  (lock  foam)  and  covered  with  nylon 
reinforced  rubber.    The  inboard  end  of  the  fairing  is  sealed  with  a  rubber 
boot.     It  is  indented  on  the  butt  face  to  provide  a  recess  for  the  deicer 
heater  head  srraps.    The  purpose  of  the  heater  is  to  prevent  ice  from 
building  up  on  the  blades.    The  micro  adjusting  ring  that  attaches  to  the 
bushing  has  both  internal  and  external  splines.    The  micro  adjusting  ring 
provides  for  small  angle  adjustment  between  the  blade  gear  segment  and 
the  blade.    The  blade  gear  segment  is  held  in  place  by  its  internal  splines 
mating  with  the  external  splines  on  the  micro  adjusting  ring.     The  blade 
gear  segment  meshes  with  the  gears  on  the  rotating  cam  in  the  dome  assembly. 
The  dome  provides  the  force  needed  for  changing  blade  angle.     The  shim 
and  shim  plate  are  used  to  obtain  proper  fit  to  the  blades  in  the  barrel 
assembly.    A  beta  gear  segment  is  used  in  place  of  the  shim  plate  on  the 
number  one  blade.     It  transmits  blade  angle  position  to  the  control 
assembly  through  the  feedback  gear.    This  gear  is  in  the  rear  barrel 
assembly.    The  adjustments  that  will  be  required  on  the  propeller  are: 
the  blade  shims  selection;  gear  segment  shim  selection;  and  indexing  the 
gear  segment  and  micro  adjusting  ring. 

The  propeller  hub  is  the  foundation  for  the  propeller  and  retains  J 
the  blades  to  the  assembly.    The  aluminum  blades  will  change  pitch  under 
the  turning  force  created  by  the  dome  assembly.    The  low  pitch  stop  lever 
assembly  will  stop  blade  angle  travel  at  flight  idle,  but  will  allow 
travel  into  the  beta  range. 

Anti-icing  and  deicing  provisions  are  provided  on  the  propeller 
blades  and  spinner.    This  will  eliminate  the  possibility  of  icing  condi- 
tions affecting  the  operation  of  the  propeller. 

QUESTIONS 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

4 


Where  is  the  propeller  control  mounted? 

How  does  the  front  cone  provide  oil  passages? 

How  Is  minor  balance  accomplished  on  the  54H60? 

Why  is  the  flange  in  the  blade  bushing  splinea? 

What  is  the  purpose  of  the  micro  adjusting  ring? 

Name  two  purposes  of  the  blade  plug. 

What  is  the  purpose  of  the  beta  gear  segment? 

What  is  the  purpose  of  the  blade  heater? 
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Jet  Engine  Branch 
Chanute  AFB,  Illinois 


3ABR42633-WB-305 
13  February  1980 


Drr ASSEMBLY  AND  INSPECTION  OF  HUB  AND  BLADE  ASSEMBLY 
OBJECTIVES 

After  completing  this  workbook  and  your  classroom  instruction, 
you  will  be  able  to: 

1.  Locate  procedures  listed  in  the  applicable  technical  order 
for  disassembly  and  inspection  of  a  5AH60  propeller. 

2.  Identify  safety  practices,  FOD  prevention,  and  special  tools 
pertaining  to  disassembly  and  inspection,  of  a  54H60  propeller. 

3.  Use  applicable  publications  and  forms  to  document  disassembly 
and  inspection  of  a  5AH60  propeller. 

EQUIPMENT 


PROCEDURE 

Follow  the  directions  given  for  each  of  the  projects  in  this 
workbook. 


DIRECTIONS 

Uae  TO  3H1-18-2  to  answer  the  following  questions. 

1h      What  section  of  TO  3H1-18-2  will  list  the  different  data 
sheets  fcr  the  5AH60  propeller?   

2.      What  figure  of  TO  3H1-18-2  will  list  the  weight  of  the 
A  propeller  blade?   


OPR:    3350  TCHTG  RGL:  a/A 
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3.  What  section  of  TO  3H1-18-2  will  list  the  inspection  require- 
ments for  54H60  propeller  hub  and  blade  assembly?   

4.  What  paragraph  of  TO  3H1-18-2  will  list  blade  damage 
inspection?   

5.  During  a  visible  inspection  of  the  propeller  blade,  what  are 
types  of  damage  will  you  be  looking  for  on  a  blade  surface?   


6*      What  are  the  types  of  damage  you  will  be  inspecting  on  blade 
heaters? 

7.     What  paragraph  of  TO  3H1-18-2  will  list  major  characteristics 

of  54H60  propeller?  

Project  2 

DIRECTIONS 

Use  TO  3H1-18-2  to  answer  the  following  questions* 

1.  What  section  of  TO  3H1-18-2  will  list  the  special  tools  required 
for  disassembly  of  the  propeller  hub  and  blades? 

2.  What  is  the  part  number  of  the  54H60  propeller  barrel  half 
puiier?   

3.  What  is  the  nomenclature  of  the  assembly  which  the  propeller 
is  placed  on  during  disassembly?  

4.  What  is  the  part  number  of  the  work  handle?   

5.  What  is  the  nomenclature  of  the  assembly  used  to  lift  a 
propeller  blade?   ,  _ 

6.  What  is  the  nomenclature  of  the  special  tool  used  to  measure 
the  depth  of  damage  on  a  blade  surface?   
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Project  3 

DIRECTIONS 


Use  TOs  00-20-2-10,  1C-130A-06,  and  HO-300  to  answer  the  following 
quest Aons  pertaining  to  APTO  Forms  349  and  350  entries. 

1.  What  is  the  work  unit  code  for  the  hub  and  blade  assembly  of 
a  54H60-91  propeller?   

2.  What  entry  is  made  in  block  20  of  the  AFT0  Form  349  for  dis- 
assembling the  hub  and  blade  assembly? 

3.  What  is  the  section  of  TO  00-20-2-10  that  lists  the  AFT0 
Form  349?  _______  

4.  What  form  is  required  to  be  submitted  along  with  the  AFT0 
Form  350  and  attached  to  the  hub  and  blade  assembly? 


5.  What  is  the  standard  reporting  designator  for  a  C-130E  assigned 
to  317  TAW? 

6.  What  is  the  category  labor  code  for  military  personnel  working 
eight  (8)  hours  on  disassembly  and  inspection  of  the  hub  and  blades? 


7.     What  technical  order  will  list  the  type  maintenance,  action 

taken,  and  when  discovered  codes?  

Project  3 

DIRECTIONS 

Use  TOs  00-20-2-10  and  IC-130A-06,  and  HO-300  to  complete  the 
AFT0  Form  349  in  figure  1. 

The  propeller  assembly  was  removed  for  vibration  on  the  ground. 
The  propeller  is  in  the  shop  for  disassembly  and  inspection.  Federal 
stock  class  1610;  part  number  54H60-91;  serial  number  N221350;  tag 
number  901252;  and  four  people  were  required  to  complete  the  disassembly. 
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Figut"  1.    AFTO  Form  349. 
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ASSEMBLY  AND  CHECK  OF  THE  HUB  AND  BLADE  ASSEMBLY 

OBJECTIVE 

After  completing  this  study  guide  and  your  classroom  instruction, 
you  will  be  able  to  assemble  and  check  the  hub  and  blade  assembly. 

INTRODUCTION 

By  taking  extra  care  during  assembly  of  the  propeller,  such  as 
seating  the  seals  properly,  installing  the  parts  correctly,  etc.,  less 
trouble  will  be  encountered  later  on  during  operation. 

INFORMATION 

"soling  the  hub  and  blade  assembly,  each  step  listed  in 
JHJ-18-2  must  be  followed  in  order  to  prevent  damage  to  the  propeller 
assembly.    These  procedures  are  to  insure  that  safety  and  FOD  procedures 
are  followed  during  assembling  of  the  hub  and  blade. 

ASSEMBLY  OF  PROPELLER 

Various  components  of  the  propeller  are  numbered  to  indicate  the<r 
assembled  location.    It  is  imperative  that  these  parts  shall  be  installed 
in  their  correct  positions  in  order  to  obtain  proper  fits  and  balance  of 
the  propeller.    The  blade  butt,  gear  segment  shim,  micro  adjusting  ring, 
blade  gear  segment,  blade  barrel  shim,  blade  shim  plate,  and  each  half  of 
each  split  thrust  washer.    The  front  barrel  half  bolt  holes  are  numbered 
and  each  barrel  bolt  is  marked  with  the  barrel  bolt  hole  number.  Each 
barrel  half  is  marked  with  the  blade  position  numbers. 

During  assembly  of  the  propeller,  the  propeller  blade  angle  shall 
be  measured  with  the  blade  angle  protractor  and  the  blade  checking  tem- 
plate, unless  otherwise  specified.    The  blade  angle  shall  be  measured  at 
the  blade  reference  station  which  is  the  42  inch  station  for  this  propeller. 
The  reference  station  is  marked  on  the  blade  face  with  a  chordwise  paint 
stripe.    It  also  may  be  located  by  measuring  from  the  propeller  axis  a 
distance  of  A2.875  inches  (A2  in.  plus  a  hub  allowance  factor  of  7/8  in.) 
All  blade  angles  referred  to  are  the  effective  aerodynamic  angles  which 
are  the  angles  actually  measured  plus  or  minus  the  correction  angles. 
The  correction  angle  is  painted  on  the  camber  side  of  the  blade  and  also 
marked  on  the  blade  butt.    The  plus  or  minus  sign  appearing  before  the 
correction  angle  indicates  that  the  correction  angle  shall  be  added  to 
or  subtracted  from  the  blade  angle  actually  measured.    Normal] y,  however 
the  proper  position  of  the  micro  adjusting  ring  and  blade  gear  segment  is 
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marked  when  the  propeller  is  new  or  overhauled.    At  that  time,  the  blade 
Angle  correction  factor  is  applied  to  the  acutal  measurement  at  the  feather 
position  to  arrive  at  the  aerodynamic  angle.    Then,  if  necessary,  the  ring 
and  segment  are  positioned  to  obtain  an  aerodynamic  angle  within  specifi- 
cation.   Etch  marks  across  the  blade  bushing,  micro  adjusting  ring  and 
blade  gear,  provide  the  alignment  during  propeller  build  up. 

During  assembly  of  the  propeller,  all  visible  preformed  packings  and 
their  mating  surfaces  shall  be  lubricated  with  hydraulic  fluid,  Military 
Specification  MIL-H-6083  Type  I,  unless  otherwise  specified. 

Caution:    During  assembly  of  the  propeller,  use  care  when  turning 
the  blades  without  the  dome  being  installed  to  ensure  that  the  blade 
gear  segments  do  not  contact  each  other  or  the  barrel  walls  so  as  to 
cause  damage. 

INDEXING  GEAR  SEGMENT  AND  MICRO  ADJUSTING  RING 

The  micro  adjusting  ring  is  a  vernier  adjustment  used  to  correct 
variations  in  blade  thrust.    Variations  of  airfoil  effecting  thrust  are 
the  result  of  each  blade  being  individually  machined  and  hand  worked 
during  manufacture.    The  micro  adjusting  ring  corrects  this  variation 
by  raising  or  lowering  individual  blade  angle  to  achieve  the  desired 
thrust.    See  figure  1. 


Figure  1.    Indexing  of  Micro  Adjusting 
Ring  and  Blade  Gear  Segment. 

Other  adjustments  required  on  the  propeller  are  the  blade  track, 
blade  backlash,  and  the  propeller  balance. 
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Remember  when  assembling  the  propeller  it  is  imperative  that  the 
parts  are  installed  in  their  correct  positions  in  order  to  obtain  proper 
fit  and  balance  of  the  propeller. 

All  parts  must  be  clean  and  free  of  contaminating  particles  and  somP 
of  the  parts  are  coated  with  hydraulic  fluid  or  grease. 

BLADE  TRACK  CHECK 

Using  four  HS  6762  blade  turning  bars,  unfeather  the  propeller  by 
turning  all  blades  simultaneously  toward  low  pitch.    Turn  the  blades  to 
flat  pitch  so  that  the  face  of  one  blade,  about  3-4  inches  from  the  blade 
tip,  is  about  parallel  with  the  assembly  bench.    Establish  a  reference 
point  on  the  bench  which  is  directly  beneath  the  blade  centerline  and 
3-4  inches  in  from  the  blade  tip.    Rotate  the  propeller  so  that  each 
blade  in  turn  will  be  in  the  same  position  over  the  reference  point  and 
TTvfV      Ji8tance  fro°  each  blade  centerline  to  the  reference  point. 

f  i5/«e!  °l  *  PrPellCr  n0t  l****11**  °n       aircraft  shall  track  with- 
in 13/32  inches  of  each  other. 

BLADE  BACKLASH  CHECK 


a. 


Using  two  HS  6762  blade  turning  bars,  turn  the  blades  to  45 
degrees,  measuring  the  blade  angle  as  previously  described. 

b.      Using  a  blade  turning  bar,  check  the  backlash  of  each  blade 
by  first  turning  the  blade  in  one  direction  and  measuring  the  blade  anale 
and  then  turning  the  blade  in  the  other  direction  and  measuring  the  blade 
angle. 

C  c.      The  difference  between  the  two  measurements  of  each  blade  shall 

r£  Z     ,  °:fude*re"'    If  the  backlash  is  not  as  specified,  check  for 
the  proper  thickness  of  the  gear  preload  shims  and  the  proper  assembly  of 
the  numbered  parts  which  are  installed  on  the  blade  shanks. 

d.      When  the  backlash  is  within  limits,  install  the  HS  7597  dome 

;fwf    So  lLiVhe  d0n*  C*P  thr"d8«    Lo°«n  the  dome  retaining  nut 

with  the  HS  7967  dome  retaining  nut  wrench.    Using  a  hoist,  lift  the  dome 

off  the  propeller  and  set  it  down  carefully  to  avoid  shifting  of  the 

rotating  cam.    Remove  the  gear  preload  shims  from  the  barrel  shelf. 

PROPELLER  BALANCE  CHECK 

Horizontal  Balancing 

If  the  propeller  has  just  been  overhauled,  the  balancing  bolts, 

SK^Sl/SV^*"1?  bC  furni8hed  with  the  Propeller  along  with  a 
WRNE  Sketch  No  386  chart  or  equivalent.    Use  the  chart  to  locate  the 
balancing  bolts  and  nuts,  and  the  proper  amount  of  washers  per  bolt, 
cm  the  hub  mounting  bulkhead  assembly.    This  assembly  must  now  be  used 
with  this  propeller  and  balancing  is  not  necessary. 

QUESTIONS 

1.      What  is  the  purpose  of  the  blade  micro  adjusting  ring? 

3 

ERIC  770 


2.      Where  is  the  micro  adjusting  ring  located? 
3»      What  is  meant  by  blade  correction  angle? 

4.  Tftat  component  of  the  blade  assembly  is  affected  when  the 
micro  ring  is  moved  one  large  tooth  (.05*)? 

5.  Which  parts  have  blade  arm  bore  numbers  marked  on  them? 

6.  During  assembly  of  the  propeller  what  is  used  to  make  blade 
angle  measurements? 

7.  What  is  used  to  coat  preformed  packings  used  in  assembly 
of  the  propeller? 

8.  Where  i*  the  gear  segment  index  #14  located  when  properly 
mounted?    (See  figure  1.)  *    *  y 

9.  What  may  happen  if  the  blades  are  carelessly  turned  while 
the  dome  is  removed? 


• 
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ASSEMBLY  AND  CHECK  OF  THE  HUB  AND  BLADE  ASSEMBLY 

OBJECTIVES 

After  completing  this  workbook  and  your  classroom  instruction, 
you  will  be  able  to: 

1.  Locate  procedures  listed  in  the  applicable  technical  order 
for  aosembly  and  check  of  the  hub  and  blade  assembly  of  a  54H60 
propeller. 

2.  Identify  safety  practices,  FOD  prevention,  torque  limits 
pertaining  to  assembly,  and  check  of  the  hub  and  blades. 

3.  Use  applicable  publications  and  forms  to  document  assembly 
and  check  of  54H60  propeller. 

EQUIPMENT 

Basis  of  Issue 
3ABR42633-HO-300  1/student 
TO  00-20-2-10  1/student 
TO  1C-130A-06  1/student 
TO  3H1-18-2  1/student 

PROCEDURE 

Follow  the  directions  given  for  each  of  the  projects  in  this 
workbook. 

Project  1 

DIRECTIONS 

Use  TO  3H1-18-2  to  answer  the  following  questions: 

1.      What  section  of  TO  3H1-18-2  lists  the  procedures  for 
assembling  the  54H60  propeller?   


2.  What  section  of  TO  3H1-18-2  lists  the  tools  and  equipment 
for  assembling  the  54H60  propeller?   

3.  What  is  the  specification  of  grease  used  to  coat  esch 
blade  packing  prior  to  installation  on  the  blade  shank?   
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4.  What  paragraph  in  TO  3H1-18-2  lists  the  approved  cleaning 
method  of  a  54H60  propeller?   

5.  What  is  the  specific  caution  concerning  the  Teflon  strip 
during  blade  installation?     


6.      How  are  the  barrel  bolt  bosses  identified? 


7.  What  is  the  specific  caution  stated  in  the  technical  order 
concerning  barrel  half  alignment?   '  

8.  What  paragraph  in  the  technical  order  states  the  procedures 
for  tightening  the  eight  (8)  extension  studs  pn  the  barrel  bolts? 


9.      What  is  used  to  lift  the  blades  into  the  rear  barrel  half 
to  prevent  damage  to  the  blade  butt?   

10*  What  component (s)  of  the  blade  assembly  must  be  clean  prior 
to  installing  the  blade  into  the  barrel  half? 


11.  What  are  the  three  blade  checks  listed  in  the  applicable 
technical  order? 


12.  What  are  two  shim  sizes  supplied  with  the  propeller 
assembly  for  gear  preload?  

13.  What  type  of  tool  is  used  to  drive  the  barrel  bolts  into 
the  barrel  halves?  

14.  When  installing  the  blades*  what  are  the  turning  limits 

of  number  one  blade?  

Why?  

15.  How  is  the  bevel  thrust  washer  aligned?   


16.      When  installing  barrel  bolts,  how  are  they  torqued? 


17.      How  should  the  thrust  bearing  retainers  be  positioned? 
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DIRECTIONS 

Use  TO,  00-20-2-10  end  1C-130A-06  and  HO-300  to  answer  the 
following  questions: 

1.      What  is  the  when  discovered  code  used  during  assembling 
a  propeller  that  was  withdrawn  from  Supply? 


2.      What  is  the  action  taken  code  for  assembling  a  propeller 

that  was  withdrawn  from  Supply?  .  

3       During  assembly  of  a  54H60  propeller,  are  AFTO  Forms  349 
and  350  required  for  documenting  equipment  maintenance  action? 

4.     What  is  the  work  unit  code  used  for  assembling  a  propeller 
that  was  withdrawn  from  Supply?   

5       How  many  line  entries  are  completed  on  the  AFTO  Form  349 
for  a  crew  tnafhas  three  military  and  two  civilians  asserting  a 

propeller?   

6.     What  is  the  type  maintenance  code  used  for  assembling  a 
propeller  that  was  withdrawn  from  Supply?   
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DISASSEMBLY  AND  ASSEMBLY  OF  DOME  ASSEMBLY 


OBJECTIVE 


After  completing  this  study  guide  and  your  classroom  instruction, 
you  will  be  able  to  disassemble  and  reassemble  the  dome  assembly  and 
locate  the  procedures  in  the  applicable  technical  order. 

INTRODUCTION 

The  turbopropeller  dome  is  retained  to  the  front  barrel  half  by  a 
detachable  retaining  nut.    The  dome  is  held  stationary  to  the  barrel  by 
serrations  instead  of  dowel  pins.    It  is  aligned  by  a  machined  out  portion 
of  the  barrel  threads  and  a  lug  on  the  dome  shell. 

INFORMATION 

The  dome  assembly  contains  the  mechanical  components  to  change 
propeller  blade  pitch  and  to  limit  the  range  of  travel  between  feather 
and  reverre.    The  dome  assembly  is  hydraulically  actuated  and  controlled 
by  hydraulic  pressure. 

The  dome  (shell)  encloses  the  internal  parts  of  the  dome  and  is  held 
in  place  by  the  dome  retaining  nut  and  four  special  screws  (shoulder  screws). 
See  figure  1,  item  4.    Inside  the  front  end  is  the  lever  sleeve  bushing 
(item  7)  which  supports  the  low  pitch  stop  lever  assembly. 

The  stationary  and  rotating  cams  serve  the  same  function  on  this 
propeller  as  other  hydromatic  propellers.    The  cam  assemblies  are  held 
together  by  a  cam  bearing  nut.    See  figure  1,  item  31.    There  are  5  cam 
roller  tracks  instead  of  4.    This  distributes  the  pitch  change  loads  of 
the  dome  assembly  more  evenly.    The  cam  rollers  have  only  2  sets  of  rollers 
and  2  sets  of  needle  bearings.    See  figure  1,  items  22  thru  29.     The  cam 
roller  assemblies  will  not  accidentally  come  apart  during  disassembly. 
The  thrust  washers  are  pressed  on  the  roller  shaft  ends  to  keep  the  assembly 
in  one  piece. 

The  dome  piston  has  2  "quad"  seals.    These  are  square  type  seals  to 
prevent  internal  leakage  between  the  piston  and  the  dome  shell.    A  bleed 
hole  drilled  between  the  quad  seals  lubricates  them  and  prolongs  their 
service  life. 
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Figure  1.    Dome  Aesembly. 
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f...K     y  °ne  ?C°P  ri0g  18  U8ed  t0  tet  the  bl*de  *«8les.    This  is  the 
feather  .top  ring.    See  figure  1,  item  3.    It  has  /double  set  of  lugs. 

s?od  rw'if0?  a  *n81*  *°d  °ne  Mt  f0r  ■«*«ie  reverse  angle.  The 

ITIZ  ILt    J  t°  the  r°"tin8  Cta  bv  'lining  the  index  number  14 

cL     ^Pj!?g  f°  th'  t0°th  "P""«ing  92.5  degrees  on  the  rotating 
Tde*re"es     £  'i'V'S  the  aech*aical  "verse  blade  angle  limit  to  a 
...    S       ,     6  desired  reverse  angle  will  be  scheduled  by  the  control 
m!^;,,16  Wil1  hvdr*ulic*Hy  be  held  at  an  angle  of  -7  degrees?  The 

on  Z  s^m":P  "  f6at5ftr  an8le  *«  the  2»g  -US.  conSct  he^ugs 

on  the  stationary  cam.    Feather  locks  will  engage  with  the  stop  rine  and 
hold  the  rotating  cam  at  this  setting.    See  flgfnre  1, \\Z  37  8 

Dr^n^M*}18^*  *n  *ttitude  ******  °*  the  aircraft  could  cause  the 
propeller  blades  to  move  out  of  feather.    To  prevent  this,  the  propeller 
ann^ei6?  bv  the  fe"her  locks.    Only  when  oil  pressures 

applied  to  the  piston  can  the  propeller  be  unfeathered. 

SUMMARY 

Just  ^T^J^S*^?"*^  Bech*ni8»  for  ^e  54H60  propeller, 

in  man?  parts'  of  the  £  and  ^"veaents  are  found 

in  many  parts  of  the  dome.    Blade  angles  are  limited  at  feather  and 

"brHion'or^inr        "°P  F**ther  l0cks  hold  blade°  "  '"vent 

vibration  or  wind  currents  from  unfeathering  the  prop  accidentally. 

QUESTIONS 

1.    What  is  the  purpose  of  the  lever  sleeve  bushing? 
"Quad  Sealsr'  **        PUrP°8e  °f  the  bl"d  h°le  betWee"  the  dooe  pi8£on 
flight?'  bladCS  h6ld  ln  feather  Position  if  used  during 

4.  What  holds  the  rotating  and  stationary  cams  together? 
Note:    Use  figure  1  and  name  the  following  parts  which: 

5.  Provides  a  mounting  place  for  the  stop  lever  assembly. 

6.  Sets  mechanical  reverse  and  feather  angles. 

7.  Adjusts  rotating  cam  gear  to  blade  gear  clearance. 

8.  Prevents  leakage  between  dome  and  barrel  (give  index  No.). 

9.  Prevents  loss  of  blade  angle  in  case  of  103Z  overspeed. 

10.    Provides  adjustment  between  rotating  cam  gear  and  blade  gears. 
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DISASSEMBLY  AND  ASSEMBLY  OF  DOME  ASSEMBLY 

OBJECTIVES 

After  completing  this  workbook  and  your  classroom  instruction, 
you  will  be  able  to: 

1.  Locate  procedures  listed  in  the  applicable  technical  order 
for  disassembling  and  assembling  of  the  dome  assembly. 

2.  Identify  torque  limits,  safety  procedures,  and  FOD  preven- 
tion procedures  pertaining  to  disassembling  and  assembling  the  dome 
assembly. 

3.  Use  applicable  publications  and  forms  to  document  disassembly 
and  assembly  of  the  dome  assembly. 

EQUIPMENT 

Basis  of  Issue 

3ABR42633-HO-300  l/student 
TO  00-20-2-10  l/student 
TO  1C-130A-06  l/student 
TO  3H1-18-3  l/student 

PROCEDURE 

Follov  the  directions  given  for  each  project  in  this  workbook. 

Project  1 

DIRECTIONS 

Use  TO  3H1-18-3  to  answer  the  following  questions: 

1.  What  section  of  TO  3H1-18-3  lists  the  procedures  for 
disassembling  the  dome  assembly?   

2.  What  section  of  TO  3H1-18-3  lists  the  required  special  tools 
used  for  disassembling  the  dome  assembly? 

3.  What  is  the  figure  number  of  dome  assembly  as  listed  in  the 
list  of  illustrations? 

4.  What  are  the  three  (3)  types  of  inspections  performed  on 
the  dome  assembly  after  disassembly? 


5.      What  is  the  specific  safety  waraign  concerning  removal  of 
the  dome  shell? 
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6.  What  special  tool  is  used  to  remove  the  cam  roller  shafts? 

  ^ 

7.  What  special  tool  is  used  to  remove  the  externally  threaded 
ring?   

8.  What  paragraph  in  TO  3H1-18-3  lists  the  procedures  for 
cleaning  the  metal  parts  of  the  dome  assembly?   

9.  What  is  used  to  coat  the  metal  parts  of  the  dome  assembly 
to  prevent  corrosion?  ____ 

10.  What  is  the  specific  warning  concerning  use  of 

methyl  ethyl  ketone?   

11.  What  type  of  consumable  supplies  are  used  to  coat  the  65 
steel  balls  during  assembly  of  the  dome?   

12.  Why  must  the  "0"  marking  be  aligned  during  assembly  of 
the  stationary  and  rotating  cams?   


13.  What  is  the  torque  applied  to  the  cam  bearing  nut? 
  >> 

14.  What  safetying  hardware  is  used  to  secure  the  cam  bearing 

nut?  

15.  What  is  used  to  coat  the  dome  shell  and  piston  packings? 


16.  What  is  the  torque  of  the  shoulder  screws  used  to  secure 
the  dome  shell  to  the  stationary  cam?   

17.  What  part  of  the  dome  assembly  sets  the  feather  and  reverse 
angles?   

Project  2 

DIRECTIONS 

Using  TOs  00-20-2-10  and  1C-130A-06  and  HO-300,  answer  the 
following  questions: 

1.  What  is  the  type  maintenance  code  for  a  dome  assembly 
removed  for  internal  leakage  during  a  major  inspection?   

2.  What  is  the  action  taken  code  for  replacing  the  preformed 
packings  on  a  dome  assembly?   
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3.  What  is  the  work  unit  code  used  for  replacing  the  preformed 
packings  on  a  dome  assembly?   

4.  What  is  the  how  malfunction  code  for  a  dome  assembly  with 
internal  leakage?  

5.  What  is  required  to  document  the  work  completed  on  a  dome 
assembly?  

6.  What  is  the  standard  reporting  designator  (SRD)  for  a 
propeller  dome  assembly  removed  from  a  O130E  at  the  374  TAW? 


7.      What  is  the  category  labor  code  used  to  document  two  hours 
overtime  on  reassembling  the  dome?   


37S0 
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Project  3 

DIRECTIONS 

Using  TOs  00-20-2-10  and  1C-130A-06  and  HO-300,  complete  the 
AFTO  Form  349  in  figure  1. 

You  have  disassembled  and  reassembled  the  propeller  dome* 
replaced  all  the  preformed  packings  for  internal  leakage.  The 
discrepancy  was  found  during  minor  inspection. 
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Figure  1.    AFTO  Form  349. 
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DISASSEMBLY  AND  ASSEMBLY  OF 
LOW  PITCH  STOP  AND  PITCH  LOCK  REGULATOR 


OBJECTIVE 


After  completing  this  study  guide  and  your  classroom  instruction, 
you  will  be  able  to  disassemble  and  reassemble  the  low  pitch  stop  lever 
and  pitch  lock  regulator  assembly. 

INTRODUCTION 

You  will  be  working  with  the  internal  parts  of  the  propeller  assembly, 
low  pitch  stop  lever,  and  pitch  lock  regulator  assemblies.    During  the 
disassembly  and  reassembling  of  the  low  pitch  stop  lever  and  pitch  lock 
regulator  assemblies,  the  procedures  in  the  technical  order  must  be  fol- 
lowed without  any  deviation.    This  is  to  insure  that  these  components 
operate  trouble-free  to  control  the  propeller. 

INFORMATION 

The  Hamilton  Standard  propeller  has  two  main  components  which  control 
blade  movement  into  the  ground  range  and  to  restrain  overspeeding  of  the 
engine  and  propeller  unit.    When  disassembling  or  reassembling  the  low 
pitch  stop  lever  or  pitch  lock  regulator,  the  safety  and  FOD  procedures 
must  be  followed  to  prevent  damage  to  the  components. 

LOW  PITCH  STOP  ASSEMBLY 

The  low  pitch  stop  lever  assembly  will  stop  the  blade  angle  travel 
at  flight  idle.    See  figure  1.    Flight  idle  is  the  lowest  blade  angle 
that  can  be  reached  in  the  flight  range.    Further  blade  angle  will  not 
occur  until  oil  pressure  shifts  the  servo  valve  in  the  low  pitch  stop 
lever.    Once  the  servo  valve  shifts,  the  oil  pressure  is  exerted  against 
the  servo  piston.    Movement  of  the  servo  piston  will  cause  tha  wedge  to 
move  from  behind  the  stop  levers.    The  force  of  the  oil  pressure  acting 
on  the  dome  piston  will  force  the  stop  levers  inward.     This  will  allow 
the  dome  piston  to  travel  into  the  beta  range.    The  beta  range  is  used 
for  taxiing  and  ground  handling  of  the  aircraft.     Blade  angle  movement 
from  top  of  beta  to  maximum  reverse  is  controlled  by  the  throttle  lever 
in  the  cockpit. 

PITCH  LOCK  REGULATOR 

The  pitch  lock  regulator  assembly,  see  figure  2,  is  located  within 
the  propeller  retaining  nut.     It  is  secured  in  position  by  the  following: 
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KEY  TO  FIGURE  1 
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Fluid  Tranefer  Tube 
Retaining  Ring 
Externally  Threaded  Ring 
Key  Washer 
Preformed  Packing 
Snap  Ring 
Retaining  Ring 
Stop  Return  Spring  Seat 
Helical  Compression  Spring 
Halical  Compraaaioo  Spring 
Spring  Quida 
Retaining  Ring 
Spring  Nut 

Helical  Compreaaion  Spring 
ID  Channel  Seal 
Preformed  Packing 
Packing  Retainer 
Preformed  Packing 
Serro  Piston  Valve 
Retaining  Ring 
Platen  Ring 
Servo  Piston 
Preformed  Packing 
Serro  Valve  Seat 
Servo  Piston  Shaft 
Cotter  Pin 
Set  Screw 

Preformed  Packing 
End  Plate 

ifelical  Compression  Spring 
Piston  Wedge 
Preformed  Packing 
Wedge  Stop 

Socket  Head  Cap  Screw 
Lock  Plate 
Preformed  Packing 
Lever  Sleeve  Cover 
Heedless  Straight 
Lever  Pin 
Piston  Stop  Lever 
Preformed  Packing 
Lever  Support  Sleeve 


\ 

J 
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Figure  2.    Low  Pitoh  Stop  Assembly. 
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Figure  2.    Pitoh  Look  Regulator  and  Components. 

an  external  splined  ring;  a  spacer;  the  stationary  pitch  lock  ratchet 
ring  and  pin;  and  a  pitch  lock  control  cam.    All  these  components  are 
secured  by  an  external  threaded  ring  and  retaining  ring.    The  principle 
components  of  the  pitch  lock  regulator  assembly,  see  figure  3,  are  as 
follows:    servo  valve,  pressure  regulating  and  pressurizing  valve,  surge 
valve,  pitch  lock  flyweight  assembly,  shuttle  valve,  and  pressurizing 
valve.    The  surge  valve  functions  only  when  excessive  decrease  pitch  oil 
pressure  is  present  as  during  reversing.    At  reverse,  the  surge  valve 
will  be  actuated  and  drain  the  excessive  pressure  into  the  increase  pitch 
Pressure  line.    This  oil  will  return  to  the  control.     The  other  valves 
in  the  pitch  lock  regulator  function  during  operations  that  pertain  to 
the  regulator. 

The  purpose  of  the  pitch  lock  regulator  assembly  is  to  restrain  the 
over-speeding  of  the  engine-propeller  unit.    This  may  occur  in  the  event 
of  a  loss  of  oil  pressure  or  during  an  over-speeding  condition.  The 
regulator  does  this  by  actuating  a  ratchet  secured  to  the  rotating  cam. 
The  rotating  cam  ratchet  meshes  with  a  stationary  ratchet  splined  to  the 
barrel  bore.    This  prevents  a  further  decrease  in  blade  angle.  This 
action  occurs  at  103  to  1042  which  is  a  few  percent  above  normal  speed. 
A  higher  blade  angle  may  be  obtained  at  any  time  for  feathering  or 
regaining  control  of  the  propeller. 

The  ratchets  are  normally  kept  disengaged  by  oil  pressure  acting  on 
the  pitch  lock  piston.    A  mechanically  operated  "cam-out"  system  disengages 
the  ratchets  at  blade  angles  of  25  degrees  and  lower  or  55  degrees  and 
higher,  when  no  pitch  lock  is  needed.    Between  these  blade  angles  the 
ratches  will  engage  when  the  oil  pressure  acting  on  the  pitch  lock  piston 
is  removed.    This  may  occur  due  to  loss  of  pressure  by  action  of  the  fly- 
weight controlled  servo  valve  and  flapper  valve.    The  flyweights  and 
flapper  valve  are  actuated  when  the  rpm  increases  to  1032.    This  permits 
the  pressure  acting  on  the  pitch  lock  piston  to  drain  into  the  barrel 
allowing  the  ratchet  teeth  to  engage.    After  oil  pressure  is  restored 
and  constant  speed  operation  is  resumed,  the  pitch  lock  ratchet  teeth 
are  disengaged  from  normal  operation. 
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Figure  3.    Pifccfc  Loafc  Regulator. 
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QUESTIONS  111 

1.  What  is  the  purpose  of  the  low  pitch  stop  assembly? 

2.  Whet  valve  allows  oil  pressure  to  be  exerted  sgainst  the  stop 
lever  servo  piston?  v 

3.  Describe  what  happens  when  the  stop  lever  servo  piston  moves. 

4.  What  is  the  blade  angle  travel  range  when  the  stop  levers  are 
retracted  within  the  piston  sleeve? 

5.  What  holds  the  pitch  lock  teeth  disengaged  during  flight  range? 

6.  What  prevents  the  pitch  lock  teeth  from  engaging  durin*  the 
beta  range?  * 

7.  Under  what  two  conditions  will  the  pitch  lock  ratchet  teeth  be 
allowed  to  engage  during  flight? 

In  questions  8,  9,  and  10,  use  figure  3,  Pitch  Lock  Regulator. 

8.  Which  part  receives  the  aft  end  of  the  oil  transfer  tube? 

9.  Name  the  part  which  converts  oil  pressure  to  forward  movement 
to  release  the  pitch  lock  ratchet. 

10.    Which  part  encloses  the  pitch  lock  spring  and  flyweights? 
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OBJECTIVES 

After  completing  this  workbook  and  your  classroom  instruction, 
you  will  be  able  to: 

1.  Locate  procedures  listed  in  the  applicable  technical  order 
for  disassembly  and  assembly  of  the  low  pitch  stop  lever  and  pitch 
lock  regulator. 

2.  Identify  torque  limits,  special  tools,  FOD  procedures, 
and  safety  procedures  pertaining  to  disassembly  and  assembly  of  the 
low  pitch  8 top  lever  and  pitch  lock  regulator. 

3.  Use  applicable  publications  and  forms  to  document  dis- 
assembly and  assembly  of  the  low  pitch  stop  lever  and  pitch  lock 
regulator* 

EQUIPMENT 

Basis  of  Issue 

3ABR42633-HO-300  l/student 
TO  00-20-2-10  l/student 
TO  1C-130A-06  l/student 
TO  3H1-18-3  l/student 

PROCEDURE 

Follow  the  directions  given  for  each  of  the  projects  in  this 
workbook* 

Project  1 

DIRECTIONS 

Use  TO  3H1-18-3  to  answer  the  following  questions: 

1.      What  section  of  the  technical  order  lists  disassembly  and 
assembly  of  the  low  pitch  stop  lever  assembly?   

2*      What  paragraph  in  the  technical  order  lists  the  instructions 
for  disassembling  the  low  pitch  stop  lever  assembly?   

3.      What  is  the  table  number  for  identifying  the  tools 
required  to  disassembly  the  low  pitch  stop  lever  and  pitch  lock 

regulator?   
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What  special  tool  is  used  to  remove  the  servo  valve  spring 


5.  What  are  the  two  (2)  special  wrenches  used  to  remove  the 
servo  valve?  ^ 

6.  What  paragraph  in  TO  3H1-18-3  lists  the  procedures  for 
disassembling  the  pitch  lock  regulator?   

7.  What  specific  FOD  procedures  must  be  followed  during 
disassembly  and  assembly  of  the  pitch  lock  regulator?   


8.  What  is  the  special  wrench  used  to  remove  the  pitch  lock 
weight  cover?  ^^^^^____^_B>^^_^^_^^^^^_ 

9.  What  is  the  torque  of  the  socket  head  screws  that  hold 
the  flyweight  assembly  in  the  pitch  lock  housing?   

10.  What  is  the  torque  applied  to  the  fluid  transfer  housing 
extension  sleeve? 


DIRECTIONS 

Using  TOs  00-20-2-10  and  1C-130A-06  and  HO-300,  answer  the 
following  questions  pertaining  to  AFTO  Forms  349  and  350  entries. 

1.     What  is  the  work  unit  code  for  a  pitch  lock  regulator? 


2.      What  part  of  the  low  pitch  stop  lever  is  a  time  change 

item? 


Project  2 


Project  3 


DIRECTIONS 


77*4 


Use  TOs  00-20-2-10  and  1C-130A-06  and  HO-300  to  complete  the 
AFTO  Form  350  in  figure  1. 

The  low  pitch  stop  lever  assembly  vas  removed  from  aircraft 
63-7767,  assigned  to  62  MAW,  during  a  major  inspection. 
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Figure  I.    AFTO  Form  350. 
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FINAL  ASSEMBLY,  BALANCE,  AND  OIL  TEST 

OBJECTIVE 

A^ter  completing  this  study  guide  and  your  classroom  instruction, 
you  will  be  able  to  balance,  oil  test,  and  complete  final  assembly  of 
the  propeller. 

INTRODUCTION 

The  propeller  is  not  ready  for  use  until  the  proper  balancing  and 
oil  testing  procedures  have  been  accomplished.    This  study  guide  is 
desired  to  provide  information  for  you  about  preparation  of  the  propeller 
for  use. 

INFORMATION 

The  propeller  assembly  must  be  balanced  and  oil  tested  prior  to  the 
propeller  being  installed  on  an  aircraft.    The  balancing  of  the  propeller 
will  prevent  the  propeller  from  causing  vibrations  in  an  aircraft,  which 
can  cause  the  aircraft  to  crash.    The  oil  test  procedures  are  performed 
prior  to  installation  to  insure  the  propeller  hub  and  blade  assembly  is 
operating  correctly  and  no  oil  is  leaking  from  the  blade  seals  and  barrel 
halves.    There  cannot  be  any  oil  leaking  from  the  hub  and  blade  assembly. 

The  dome  is  removed  and  excessive  oil  cleaned  up  using  the  suction 
line  of  the  tester.    Also,  the  pitch  lock  regulator,  prop  retaining  nut, 
and  front  cone  must  be  removed  before  moving  the  propeller  off  the  test 
post. 

The  blades  should  be  turned  to  +45°  blade  angle. 

Before  installing  the  control,  correct  balance  must  be  assured. 

Vibrations  in  an  aircraft  can  be  caused  by  a  propeller,  an  engine 
or  the  airframe.    We  must  determine  the  cause  of  the  vibration  before  a 
correction  action  can  be  taken.    If  it  is  the  propeller  that  is  at  fault, 
the  propeller  will  require  balancing. 

When  balancing  propeller  assemblies,  it  is  important  that  the 
balancing  room  be  free  of  air  currents.    The  hub  and  blades  should  be 
cleaned  and  properly  assembled. 
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Prior  to  checking  the  final  balance,  the  mechanic  mute  insure  chat 
_-e  following  items  ara  not  inatalled.    Dome,  gaar  preload  shims,  pitch- 
lsck  regulator  assembly,  hub  nut  (prop  retaining  nut),  front  cone, 
packing  seat  ring,  and  device  contact  ring  assembly.    The  hub  mounting 
bulkhead  shall  be  installed.    The  blad*e  must  be  turned  to  45d  blade 
angle. 

Pinal  balance  is  obtained  by  adding  flat  washers,  bolts,  and  self- 
locking  nuts  and  attaching  them  to  the  outer  circle  of  drilled  holes  in 
the  hub  mounting  bulkhead. 


Figure  1.    Balancer  Aaembled. 

The  Model  7A100  Marval  balancer,  shown  in  figures  1  and  2,  is  the 
suspension  type  balancer,  used  to  balance  the  propeller  in  a  horizontal 
position.    This  equipment  is  designed  to  balance  propellers  weighing  up 
to  2500  pounds  and  fitting  50  to  80  size  propeller  shafts. 

The  Marvel  balancer  is  sensitive.    It  can  detect  a  very  slight  out 
of  balance  condition.    Care  must  be  taken  when  handling  this  equipment. 
It  is  easy  to  damage  or  mar  the  machined  portion  of  the  balancer.  Damage 
to  this  machined  area  can  cause  difficulty  in  installing  the  cone  adapters 
and  spacers. 

The  balancer  contains  oil  in  its  inner  portion  to  provide  a  dampening 
action.    Otherwise,  long  periods  of  oscillation  would  occur  during  the 
balancing  process.    The  balancer  should  not  be  laid  down  because  the  oil 
would  drain  out  and  be  lost.    The  balancer  should  always  BE  STORED  IN  AN 
UPRIGHT  POSITION. 
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1  Balancer  Shaft 

2  Quick  Olsconnect  Coupling  Assy 
Rear  Nyt 
Front  Nut 


Locking  Ring 
Sp*(  .--1  Inch 


7  Spacer- 2  inch 


8  Spacer  -3  *nch 

9  Spactr  -4  Inch 

10  Cone-Rear,  80  Spline 

11  Cone-Rear,  70  Spline 

12  Cone-Rear,  60  Spline 

13  Cone-Rear,  SO  Spline 

14  Cone-Front,  50  Spline 


15  Cone-Front,  60  Spline 

16  Cone-Front,  70  b»11ne 

17  Cone-Front,  80  Spline 

18  Adapter-50  Spline 

19  Tool-Adapter  Inserting 

20  Flxture-Ooaie  Lifting 

21  Yoke-Dome  Lifting 


Figure  2.    Balancing  Kit. 
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aUCHMCO  POftTION 


■ 


Figure  3.    Front  Cone  Setting. 

h*lJ%?iV?l?  °f  C??  b*Jfc,r  iB  *dJu.ted  by  correctly  positioning  th. 

LJlMlvM;       ,  *r°P%l\ hub*  ••t«bli»h««  the  correct  center  of 

*r«vttv  for  each  propeller.    See  figure  3. 

v«rlou^™!n  dl\tan^  f°!  th*  b*l4nC*r  t0  be  loc*"d  *«  the  hub  for 

In  inch..  JL  Si  h!!<i«?M  i1*^ in  tht  clurt  rtf«r  t0  th«  di"*»« 

tnc  o*i*nc.r  .h.ft  to  the  lov.r  portion  of  the  front  cone. 
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Figure  4.    Propeller  Suspended  for  Balancing. 


After  the  balancer  his  been  positioned  in  the  propeller  hub,  the 
coaplete  unit  (balancer  and  propeller)  Is  suspended  from  a  hoist*  See 
figure  4.  — —  


Figure  5.    Indicator  Bushing  Show*  Propeller  Perfectly  Balanced. 

Balance  readings  are  taken  visually,  from  a  circular  indicator 
bushing  on  tha  top  of  tha  balancer  shaft*    When  a  propeller  Is  balanced 
this  bushing  Is  centered  within  the  black  disc  set  In  the  end  of  the 
shaft*    See  figure  5* 


Figure  6.    indicator  Bushing  Offeet-Propeller  ie  Unbalanced. 

When  unbalanced  the  bushing  and  disc  are  offset*    This  Indicates 
both  the  direction  of  unbalance  and  the  amount  of  correction  necessary* 
Sec  figure  6* 
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Figure  7.    Balanoer  Stand  Without  Adapter. 


Figure  8.    Balanoer  Stand  with  Adapter. 

Tn  -J°  Pr°t,s"  bl*de  cuff»  or  *nti-icing  equipment,  en  adapter  is  used 
In  this  esse  the  propeller  U  supported  on  its^ub.    Se.  fjgu"  8. 

011  Test 

-Mnnf""  th*  propallar        built  up  (assembled)  sf ter  removal  from  a 

-hipping  crate  or  replacement  of  new  ...1.,  it  ^  be  c££d  to  Str- 
ain* proper  operation  and  freedom  from  oil  leaks? 

SUMMARY 

aircrifr01^1"  th"       °Ut  °f  b*lanCa  c*n  c*u"  »«*  d*~8«  to  the 
aircraft.    It  may  even  causa  it  to  crash. 

The  type,  of  unbalance  are  static,  mass  moment  and  aerodynamic. 

hori«^rthS8  uf  perfornin*  th«  "*tic  balance  check  are  vertical  and 


794 


InO  B€*ore  operating  the  oil  test  equipment  the  prestart  checks  are 
required  to  assure  proper  operating  condition* 

QUESTIONS 

1*      Where  is  minor  balance  adjusted  on  the  54H60  propeller? 

2*      How  is  the  sensitivity  of  the  Marvel  balancer  adjusted? 

3*      Where  can  the  chart  for  determining  correct  positioning  of  the 
balancer  be  located? 

4.  How  does  the  Marvel  balancer  indicate  an  out  of  balance  condition? 

5.  Which  parts  must  be  removed  prior  to  final  balance  check? 
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FINAL  ASSEMBLY,  BALANCE  AND  OIL  TEST 

OBJECTIVES 

After  completing  this  workbook  and  your  classroom  instruction, 
you  will  be  able  to: 

1.  Locate  procedures  in  the  applicable  technical  order  for 
final  assembly  and  balancing  of  the  54H60  propeller* 

2.  Identify  torque  limits,  safety  practices,  special  tools, 
and  FOD  prevention  pertaining  to  final  assembly  and  balancing  of 
the  propeller. 

EQUIPMENT 

Basis  of  Issue 
3ABR42633-SG-309  1/studenZ 
TO  3H1-18-2  l/student 

PROCEDURE 

Using  TO  3H1-18-2  and  SG-309,  answer  the  following  questions. 

1.  What  is  the  nomenclature  of  the  special  tool  used  to  balance 
a  54H60  propeller?   

2.  What  paragraph,  in  the  technical  order,  lists  the  procedures 
for  balancing  a  propeller?   

3.  What  component  is  installed  on  the  propeller  prior  to 
installing  the  balancer?   

4.  What  is  the  position  of  the  blades  during  the  balancing 
check?   

5.  How  do  you  determine  the  size  of  the  rear  cone  to  be  used 
on  the  Marvel  balancer?   

6.  What  is  furnished  with  an  overhauled  propeller  that  will 
make  balancing  a  propeller  not  necessary?   
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In  what  position  must  the  Marvel  balancer  be  stored? 


8.  What  is  the  amount  of  torque  that  is  applied  to  the  castellated 
nuts  on  the  hub  extension  studs?   

9.  What  Is  the  maximum  lifting  capability  of  the  Marvel 
balancer?   

10.      What  is  the  part  number  of  the  propeller  balance  stand? 


11.      How  are  the  readings  caken  while  performing  the  balance  checks? 


12.  What  are  the  components  which  will  be  installed  on  the  propeller 
during  final  assembly?   

13.  What  is  the  torque  limits  for  the  rear  spinner  dowel  bolts? 


14.  How  is  the  rear  spinner  indexed  on  the  mounting  bulkhead 
assembly?   

15.  How  many  screws  retain  the  deicer  contact  ring  to  the  hub 
extension?   

16.  What  is  used  to  coat  the  electrical  connector  straps  on  the 

deicer  contact  ring?   
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PROPELLER  OIL  TEST  \ 
OBJECTIVES 

When  you  have  completed  this  study  guide/workbook  and  your  classroom 
instruction,  you  will  be  abla  to  axplain  tha  purposa  and  procaduras  for 
oil  tast  of  tha  propallar  assembly. 

INTRODUCTION 

When  the  propeller  has  bean  assembled  after  removal  from  the  shipping 
crate  or  replacement  of  oil  seals,  it  must  be  oil  tested  to  determine 
that  it  operates  properly  with  no  internal  or  external  oil  leakage  from 
the  hub,  blade,  or  dome  assemblies. 

INFORMATION 

i 

This  lesson  contains  all  tha  information  you  will  need  to  know  about 
the  oil  testing  of  the  54H60  propeller  assembly  in  accordance  with 
procedures  contained  in  T0  3H1-18-2. 

HYDRAULIC  PROPELLER  TESTER 

f 

The  hydraulic  propeller  tester,  GS  1221-M9  is  used  to  perform 
operational,  and  external  and  internal  leakage  checks  on  tha  54H60 

propeller  assembly.    The  tester  simulates  actual  propeller  operation  , 

as  if  the  propallar  assembly  was  installed  on  an  aircraft  engine.    The  ) 

tester  has  incorporated  into  tha  system  a  control  panel  consisting  of 

an  instrument  panel,  pressure  control  panel,  and  temperature  control 

panel,  an  oil  tank,  electrical  heaters,  electrical  driven  motor  and 

pump  assembly,  and  three  filters.    It  is  mounted  on  four  caster  type 

wheels,  which  makes  the  tester  portable. 

The  following  is  a  list  of  the  major  parts  on  the  instrument  panel, 
temperature  control  panel,  and  pressure  control  panel.    See  figure  1  and 
figure  2  for  the  location  of  these  parts.    It  will  be  to  your  benefit  to 
know  the  location  of  these  parts,  because  you  will  be  operating  the  tester 
in  a  later  lesson. 

Instrument  Panel 

1.      TOGGLE  SWITCH  -  Used  to  test  the  indicator  light  for  proper 
operation. 
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Figure  1.    Hydraulic  Propeller  Teeter  Control  Panel. 
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Figure  2.    Pressure  Side  Filter  Location. 
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filter  on 


INDICATOR  LIGHT  -  Used  M  a  warning  indicator  for  a  dirty 
the  pressure  pump  filter  assembly. 


3.  MOTOR  START  -  Turns  the  propeller  tester  motor  on  and  off. 

4.  POWER  STOP  -  Turns  off  electrical  power  to  the  hydraulic 
propeller  tester. 

5.  TIMER  -  Used  when  checking  for  internal  leakage  and  pressure 
checks. 

6.  CONVENIENCE  POWER  OUTLET  -  Used  to  provide  115  volts  AC  power 
for  whatever  requirement  exists  in  the  vicinity  of  the  tester. 

7.  CONTINUITY  TEST  INDICATOR  LIGHT  -  Used  when  troubleshooting 
electrical  problems  on  the  hydraulic  propeller  tester. 

Temperature  Control  Panel 

1*     TEMPERATURE  SELECTOR  -  Allows  the  operator  to  select  the  maximum 
oil  temperature  necessary  to  operate  the  propeller  tester. 

2.     TEMPERATURE  GAGE  -  Shows  the  operator  the  temperature  of  the 
oil  during  the  test  procedures. 

Pressure  Control  Panel 

1.  OUTBOARD  PRESSURE  VALVE  -  Ports  oil  to  the  outboard  side  of 
the  propeller  dome  assembly  for  blade  movement. * 

2.  OUTBOARD  BACK  PRESSURE  VALVE  -  Ports  hydraulic  oil  from  the 
tank*  through  the  flowmeter  to  the  outboard  side  of  the  dome  assembly, 
and  is  used  to  increase  blade  angle  during  oil  test  procedures. 

3.  INBOARD  PRESSURE  VALVE  -  Ports  oil  to  the  inboard  side  of  the 
propeller  dome  assembly  for  blade  movement. 

4.  INBOARD  BACK  PRESSURE  VALVE  -  Ports  hydraulic  oil  from  the  tank 
through  the  flowmeter  to  the  outboard  side  of  the  dome  assembly  and  is 
used  to  decrease  blade  angle. 

5.  FOUR  WAY  SELECTOR  VALVE  -  Used  to  select  inboard  or  outboard 
oil  pressure»  to  be  measured  on  the  two  pressure  gages. 

6.  OUTBOARD  PRESSURE  GAGE  -  Measures  the  oil  pressure  in  pounds 
per  square  inch  for  the  outboard  side  of  the  dome  assembly. 

7.  INBOARD  PRESSURE  GAGE  -  Measures  the  oil  pressure  in  pounds 
per  square  inch  for  the  inboard  side  of  the  dome. 

8.  FLOWMETER  -  Measures  oil  flow  in  fluid  ounces  for  either  the 
inboard  or  outboard  oil  during  the  oil  test  procedures. 

9.  PRESSURE  TAPS  -  Are  used  to  calibrate  the  outboard  and  inboard 
pressure  gages  during  inspections  or  as  required  by  the  applicable 
technical  order. 
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QUESTIONS 


"7*7 


1*      What  does  the  indicator  light  on  the  control  .panel  indicate 
when  it  is  illuminated? 

a.  Dirty  filter  on  the  pressure  pump  filter 

b.  The  timer  is  being  used 

c.  Clean  filter  on  the  pressure  pump  filter 

d.  Temperature  of  the  oil  is  at  operating  temperature 

2.  What  is  the  purpose  of  the  hydraulic  propeller  tester*  GS  1221-M9' 

a*      To  test  a  pitch  lock  assembly 

b.  To  check  electrical  wiring  on  the  propeller 

c.  To  perform  operational,  external  and  internal  leakage 
checks  on  5AH60  propellers 

d.  To  perform  operational  checks  on  the  engine 

3.  What  part  on  the  temperature  control  panel  allows  the  hydraulic 
teat  machine  operator  to  select  the  maximum  oil  temperature  necessary  to 
operate  the  propeller  tester? 

a*  Temperature  selector 

b.  Toggle  switch 

c.  Temperature  gage 

d.  Four  way  selector  valve 

4.  Name  the  part  on  the  pressure  control  panel  that  is  used  to 
port  oil  to  the  outboard  side  of  the  propeller  dome  assembly  fcr  blade 
movement? 

a.  Outboard  back  pressure  valve 

b.  Inboard  pressure  valve 

c.  Four  way  selector  valve 

d.  Outboard  pressure  valve 

5.  What  measures  oil  flow  in  fluid  ounces  for  either  the  inboard 
or  outboard  oil  during  the  oil  test  procedures? 

a.  Outboard  pressure  gage 

b.  Flowmeter 

c.  Pressure  taps 

d.  Timer 
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*  (\  TESTER  PREPARATION 

With  the  completion  of  the  assembly  of  Che  hub  and  blade  assemblies, 
the  propeller  assembly  Is  now  ready  for  testing  on  the  hydraulic  propeller 
tester*    Before  testing  the  propeller  on  the  hydraulic  propeller  tester, 
there  are  several  necessary  steps  that  must  be  completed  to  prepare  the 
tester  for  the  operation  procedures. 

1*      The  following  hydraulic  oil  must  be  used  with  the  hydraulic 
propeller  tester,  Model  GS  1221-M9.    The  types  of  oil  are:  MIL-H-6083, 
Type  I;  MIL-H-6083,  Type  II;  or  MIL-H-5606;  with  no  substitutes  allowed 
in  accordance  with  TO  3H1-18-2.    The  capacity  of  the  oil  tank  on  the 
tester  is  approximately  39*5  gallons  of  hydraulic  fluid* 

2*      There  are  three  hydraulic  lines  that  must  be  connected  to  the 
propeller  test  fixture,  HSP-8961.    Attach  the  inboard  and  outboard  oil 
lines  from  the  hydraulic  propeller  taster  to  the  connectors  located  on 
the  propeller  oil  test  fixture,  which  is  installed  on  the  barrel  extension. 
These  are  marked  as  LOW  PITCH  and  HIGH  PITCH,  then  attach  the  oil  drain 
line  from  the  tester  to  the  bottom  of  the  test  post,  HSP  2100.    The  oil 
test  post  is  the  assembly  which  the  propeller  assembly  is  mounted  on 
during  the  oil  test  procedures. 

3*      There  are  two  water  lines  on  the  hydraulic  propeller  tester, 
GS  1221-M9,  that  are  used  for  cooling  of  the  oil.    When  the  oil  temperature 
exceeds  170  degrees  F,  the  tester  will  automatically  allow  the  cold  water 
to  be  ported  to  the  oil  tank  through  metal  pipes  to  cool  the  oil  during 
the  test  procedures* 

The  oil  temperature  is  adjusted  by  turning  the  temperature  selector 
knob  until  the  indicator  in  the  lower  window  is  set  at  140  degrees  F. 
When  the  tester  is  turned  on,  the  electric  motor  and  oil  pump  will  auto- 
matically heat  the  hydraulic  oil  to  140  degrees  F,  and  then  the  tester 
will  shut  off  the  heaters,  located  in  the  oil  tank,  when  the  oil  tempera- 
ture reaches  the  preaet  temperature  of  140  degrees  F*    The  tester  will 
automatically  turn  the  heaters  on  again,  if  the  oil  temperature  goes  below 
the  140  degree  setting*    On  the  tester  we  will  be  using  to  test  the  54H60 
propeller  assembly,  the  two  water  lines  are  not  connected  to  the  test 
machine*    If  the  oil  temperature  goes  above  170  degrees  F,  the  tester 
will  have  to  be  shut  off  and  allowed  to  cool  until  the  oil  temperature 
is  below  170  degrees  F. 

4.      Before  the  tester  motor  is  started,  the  two  pressure  valves  ^nd 
the  two  back  pressure  valves  must  be  opened  by  turning  the  valve  handles 
in  the  counterclockwise  direction.    The  suction  valve  must  be  closed*  Do 
this  by  turning  the  valve  handle  in  a  clockwise  direction*    The  four  way 
selector  valve  must  be  turned  in  a  downward  position,  towards  the  inboard 
pressure  gage*    After  the  valves  are  in  the  correct  position,  the  tester 
motor  can  be  started*    This  is  completed  by  pushing  the  motor  start  button 
on  the  control  panel*    The  tester  must  be  allowed  time  to  warm  up  the 
hydraulic  oil  in  it  before  any  pressure  can  be  applied  to  the  tester* 
The  oil  temperature  must  be  at  least  140  degrees  F*    After  ttw  oil  has 
warmed  up  to  140  degrees  F.,  close  the  outboard  pressure  valve.    The  out- 
board back  pressure  and  the  inboard  pressure  valves  are  left  in  the  open 
position*    The  suction  valve  is  left  in  the  closed  position.    Slowly  apply 
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decrease  pitch  oil  pressure  to  fill  the  barrel  and  the  inboard  sittPof  the 
done  assembly,  by  adjusting  the  inboard  back  pressure  valve.    After  filling 
the  barrel  and  the  inboard  side  of  the  dome  assembly,  open  the  inboard 
back  pressure  valve  first,  and  then  the  outboard  pressure  valve.  Now, 
close  the  inboard  pressure  valve.    The  outboard  pressure  and  the  inboard 
back  pressure  valves  are  left  in  the  open  position.    Then,  slowly  adjust 
the  outboard  back  pressure  valve  to  fill  the  outboard  side  of  the  dome 
assembly  and  to  release  the  pitch  lock  ratchet  ring  that  is  attached  to 
the  bottom  of  the  dome  assembly.    After  the  outboard  side  of  the  dome 
assembly  has  filled  with  hydraulic  fluid,  open  the  outboard  back  pressure 
valve,  and  open  the  inboard  pressure  valve  to  allow  oil  pressure  to  be 
released  from  the  propeller  assembly. 

5.      With  the  inboard  and  outboard  sides  of  the  dome  assembly,  and 
the  barrel  assembly  filled  with  hydraulic  fluid,  cycle  the  propeller  from 
feather  to  reverse  blade  angles  by  closing  the  outboard  pressure  valve, 
and  slowly  closing  the  inboard  back  pressure  valve.    Do  not  allow  the 
propeller  blades  to  stop  when  taking  the  blades  to  the  reverse  blade 
angle.    So,  keep  the  pressure  at  about  300  psi  while  using  this  procedure. 
When  the  propeller  has  reached  the  reverse  blade  angle  and  pressure  starts 
to  increase,  open  the  inboard  back  pressure  valve  first,  and  then  the  out- 
board pressure  valve.    To  cycle  the  propeller  assembly  back  to  feather 
blade  angle,  close  the  inboard  pressure  valve.    Slowly  close  the  outboard 
back  pressure  valve.    Keep  enough  pressure  applied  to  the  propeller  assembly 
to  have  smooth  movement  of  the  propeller  blades.    After  the  propeller 
assembly  has  reached  the  feather  blade  angle,  which  will  be  indicated  by 
an  increase  in  oil  pressure,  open  the  outboard  back  pressure  valve  first, 
and  then  the  inboard  pressure  valve.    Cycle  the  propeller  assembly  from 
feather  to  reverse  blade  angles  at  least  eight  times,  using  the  above 
procedures,  to  purge  air  trapped  in  the  propeller  assembly.    This  will 
avoid  erratic  operation  during  the  oil  test  procedures. 

CAUTION:    DO  NOT  STOP  THE  PROPELLER  IN  THE  PITCH  LOCK  RANGE  FROM  55 
DEGREES  TO  25  DEGREES  OF  BLADE  ANGLE.     IT  MAY  CAUSE  THE  PITCH  LOCK 
RATCHET  TEETH  TO  ENGAGE  FULLY  OR  PARTIALLY  CAUSING  DAMAGE  TO  THE 
TEETH.     IF  THE  PROPELLER  ASSEMBLY  DOES  STOP  IN  THE  ABOVE  RANGE,  THE 
PROPELLER  ASSEMBLY  MUST  BE  CYCLED  BACK  TO  THE  FEATHER  BLADE  ANGLE 
BEFORE  THE  PROPELLER  BLADES  ARE  ALLOWED  TO  DECREASE  TOWARDS  THE 
REVERSE  BLADE  ANGLE.     THEN  THE  CYCLE  PROCEDURES  CAN  BE  RESTARTED. 


What  type  of  oil  is  used  in  the  hydraulic  propeller  tester, 
.221-M9? 

a.  MIL-H-6083  or  MIL-H-5606 

b.  MIL-H-8306  or  MIL-H-6505 

c.  MIL-G-2146 

d.  MIL-L-23699B  or  MIL-L-21440 


QUESTIONS 
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I  What  is  the  teaperature  reading  at  which  the  teat  aachine  will 
automatically  allow  watar  to  cool  tha  hydraulic  oil? 


a.  140#F 

b.  160#F 

c.  170#F 

d.  180#F 

3.  In  what  position  is  tha  suction  valva  *at  prior  to  starting 
taatar  oparation? 

a.  Fully  opan 

b.  Partially  opanad 

c.  Partially  closad 

d.  Fully  closad 

4.  What  is  tha  nana  of  tha  *alva  that  ia  usad  to  fill  tha  barral 
and  inboard  sida  of  tha  dom*? 

a.  Inboard  prassura  valva 

b.  Suction  valvt 

c.  Inboard  back  prassura  valva 

d.  Outboard  back  prassura  valva 

5.  Why  ia  tha  propallar  asssmbly  cyclad  batvaan  faathar  and 
ravaraa  at  laaat  eight  tiaes? 

a.  To  fill  tha  doma  aaaaably 

b.  To  purga  air  froa  tha  eyetea 

c.  To  aapty  tha  propeller  of  oil 

d.  To  taat  tha  propallar  bladaa 

OIL  TEST  PROCEDURES 

Now  that  wa  hava  coapleted  tha  preliainery  checks  of  tha  hydraulic 
oil  taat  procedures,  wa  can  start  tha  tea ting  of  tha  S4H60  propallar 
aaaaably  for  specific  operational  and  leakage  checks  in  accordance  with 
TO  3H1-18-2. 

Step  One  *  External  Leakage  Test 

With  the  barrel  drain  petcock,  which  ia  located  on  the  oil  teat 
fixture ,  HSP  8961,  in  the  cloaed  position,  cycle  the  propeller  between 
feather  blad*  angle  HIGH  PITCH  and  ravaraa  blade  angle  LOW  PITCH  for  at 
laaat  eight  (8)  cycles  and  until  the  barrel  aaaaably  is  at  150  psi,  aa 
read  on  tha  pressure  gage  of  the  HSP  8961  oil  teat  fixture.    If  the  barrel 
aaaaably  pressure  reachea  150  pal  before  the  eight  cyclea  are  coapleted, 
open  the  barral  drain  petcock  until  tha  total  of  eight  (8)  cyclea  are 
coapleted.    There  ia  no  external  leakage  allowed  during  thia  check  or 
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while  performing  any  of  the  hydraulic  test  procedures*    If  there-  .  '(Leak- 
age from  the  barrel  halves  or  blade  seals,  the  propeller  hub  and  blades 
will  have  to  be  disassembled  and  new  seals  installed,  and  then  reassembled 
in  accordance  with  TO  3H1-18-2.    The  oil  test  procedures  will  have  to  be 
started  again  at  the  beginning. 

Step  Two  -  Low  Blade  Angle  Setting  Check 

Using  the  hydraulic  propeller  tester,  move  the  blades  from  feather 
blade  angle  to  the  low  pitch  stop  setting,  by  closing  the  outboard  pres- 
sure valve  and  adjusting  the  inboard  back  pressure  valve.    Do  not  allow 
the  inboard  oil  pressure  to  exceed  200  psi,  as  indicated  on  the  inboard 
pressure  gage.    While  maintaining  this  pressure  and  using  blade  turning 
bars,  HS  6762,  pull  the  blades  into  the  mechanical  low  pitch  stop,  measure 
the  low  blade  angle,  using  the  blade  angle  protractor,  P/N  PE  105  and  tem- 
plate, HS  7548.    Low  blade  angles  of  all  the  blades  shall  be  the  same 
reading,  within  a  total  variation  of  0.20  degree;  and  shall  be  within 
0.50  degree  of  the  23.3  degree  blade  angle  setting  with  the  blade  angle 
correction  factors  applied  that  are  stencilled  on  the  camber  side  of 
the  blade  fairing.    If  the  specified  blade  angles  are  not  within  the 
limits,  it  will  be  necessary  to  adjust  the  low  pitch  stop  assembly  by 
either  turning  the  low  pitch  stop  assembly  in  or  out  of  the  piston  sleeve 
of  the  dome  assembly. 

To  make  this  adjustment,  it  will  be  necessary  to  take  the  propeller 
assembly  to  the  feather    lade  angle,  to  move  the  low  pitch  stop  levers 
away  from  the  piston  sleeve.    To  increase  the  low  pitch  stop  blade  angle, 
turn  the  low  pitch  stop  assembly  clockwise,  and  counterclockwise  to 
decrease  the  low  pitch  stop  assembly  setting.    This  procedure  can  be 
completed  by  removing  the  dome  cap  from  the  dome  assembly,  removing  the 
oil  transfer  tube  assembly,  and  the  low  pitch  stop  retaining  ring  and 
snap  ring.    After  completing  the  adjustment  on  the  low  pitch  stop  assembly, 
reinstall  the  low  pitch  stop  retaining  ring  and  snap  ring,  oil  transfer 
tube  assembly,  and  dome  cap. 

Step  Three  -  Feather  Pressure  Test 


To  perform  this  test,  slowly  move  the  blades  to  the  feather  angle 
by  closing  the  inboard  pressure  valve  and  adjusting  the  outboard  back 
pressure  valve.    The  pressure  required  to  move  the  propeller  assembly 
to  the  feather  blade  angle  shall  not  exceed  350  psi  as  measured  on  the 
outboard  pressure  gage.    Leave  the  inboard  pressure  valve  and  the  outboard 
back  pressure  valve  in  the  above  position  for  further  checks  that  are 
required  in  the  feather  position. 

QUESTIONS 

1.     What  is  the  purpose  of  the  axternal  leakage  test? 

a.  To  check  leakage  on  the  barrel  halves  and  blade  seals 

b.  To  check  leakage  of  the  dome  assembly 

c.  To  check  leakage  of  the  pitch  lock  and  barrel  halves 

d.  To  check  leakage  of  the  blades  and  dome  assembly 

80G 


ERIC 


'V'Vf  How  it  tha  low  pitch  stop  (LPS)  adjusted  during  tha  lev  blada 
atijiw  tatting  chack,  if  tha  raadiag  ia  24.6  dagraaa? 


a.  By  turning  tha  LPS  dockwiaa 

b.  By  raadjuating  tha  blada  alcroadjuating  ring 

c.  By  turning  tha  LPS  countarwiaa 

d.  No  adjuataant  is  raquirad 

3.  What  is  tha  total  variation  of  blada  angla  of  all  tha  bladas 
at  low  blada  angla? 

a.  0*10  dagraa 

b.  0.20  dagraa 

c.  .020  dagraa 

d.  0.50  dagraa 

4.  What  is  tha  asylum  praasura  raquirad  to  nova  tha  propallar 
aaaaably  to  tha  faathar  blada  angla  as  aaasursd  on  tha  outboard  prassura 
gaga? 

a.  300  psi 

b.  325  psi 

c.  350  psi 

d.  360  psi 

5.  What  valvas  ara  us  ad  to  nova  tha  propallar  assaubly  to  faathar 
blada  angla? 

a.  Inboard  prarsura  and  inboard  back  prassura 

b.  Outboard  back  praasura  and  inboard  praasura 

c.  Outboard  praasura  and  inboard  back  praasura 

d.  Outboard  prassura  and  outboard  back  prassura 

Step  Four  -  Faathar  Blada  Angla  Sattlng  Chack 

With  tha  propallar  in  tha  faathar  position ,  apply  200  psi  outboard 
oil  praasura,  aaasurad  on  tha  outboard  praasura  gaga.    Whila  maintaining 
this  prassura,  twist  all  tha  bladas  siaultanaoualy  towards  tha  low  pitch 
stop  rsing  tha  blada  turning  bars,  ES  6762,  to  taka  up  blada  backlash. 
Slowly  raaova  tha  torqua  siaultanaoualy  froa  tha  blada  turning  bars*  Now, 
using  tha  blada  angla  protractor,  P/N  PE  103  and  tha  taaplata,  HS  7348, 
aaasura  tha  faathar  blada  anglaa  of  aach  blada.    This  aaasuraaant  shall 
ba  tha  saaa  raading  within  a  tcul  variation  of  0,20  dagraa  of  tha  92.5 
dagraa  faathar  angla  sat ting  with  tha  blada  angla  corractlon  factors 
appliad.    Racord  this  raading  for  furthar  uaa  whan  chacking  tha  ravarsa 
blada  anglaa. 
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Step  Five  -  Internal  Leakage  in  Feather  Check  ""7^5 

With  the  propeller  assembly  still  in  the  feather  position,  apply 
outboard  oil  pressure  until  it  is  600  psi  greater  than  the  inboard  oil 
pressure  as  measured  on  the  outboard  pressure  gage*    The  oil  leakage 
from  the  outboard  to  inboard  sides  of  the  dome  piston  assembly  shall  be 
15-45  fluid  ounces  per  minute,  which  equals  1-3  pints  of  hydraulic  oil 
in  64  seconds,  as  measured  on  the  flowmeter.    To  take  the  reading 
accurately,  you  must  use  use  the  timer  on  the  instrument  panel. 

With  the  propeller  and  tester  still  set  as  in  the  previous  paragraph, 
the  oil  leakage  from  the  outboard  side  of  the  piston  to  the  barrel  shall 
be  collected  in  a  graduated  container  from  the  barrel  drain  petcock  of 
the  oil  test  fixture,  HSP  8961.    This  leakage  from  the  petcock  shall  be 
10-35  fluid  ounces  per  minute.    The  combined  fluid  leakage  of  the  two 
tests  shall  not  exceed  75  fluid  ounces  per  minute.    Now,  open  the  out- 
board back  pressure  valve,  and  the  inboard  pressure  valve. 

QUESTIONS 

1.  Why  do  you  use  blade  turning  bars,  HS  6762,  to  twist  the  blades 
towards  the  low  pitch  stop? 

a.  To  maintain  oil  pressure 

b.  To  take  up  blade  backlash 

c.  To  hold  the  blade  from  moving 

d.  To  release  the  feather  locks 

2.  What  is  the  maximum  allowable  internal  oil  leakage  permitted 
during  the  internal  leakage  in  feather  check? 

a.  10  to  40  fluid  ounces 

b.  10  to  45  fluid  ounces 

c.  15  to  40  fluid  ounces 

d.  15  to  45  fluid  ounces 

3.  What  is  the  maximum  allowable  oil  leakage  allowed  from  the 
outboard  side  of  the  dome  to  the  barrel? 

a.  10-20  fluid  ounces 

b.  10-30  fluid  ounces 

c.  10-35  fluid  ounces 

d.  10-40  fluid  ounces 

4.  What  valves  are  used  to  unfeather  the  propeller? 

a.  Inboard  pressure  and  outboard  back  pressure 

b.  Outboard  pressure  and  outboard  back  pressure 

c.  Inboard  back  pressure  and  outboard  back  pressure 

d.  Outboard  pressure  and  inboard  back  pressure 
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What  is  the  minimum  oil  pressure  required  co  release  the 


160  psi 
170  psi 
180  psi 


c. 


d. 


190  psi 


Step  Six  -  Unfeather  Pressure  Test 

With  the  propeller  assembly  still  in  the  feather  position,  dose  the 
outboard  pressure  valve,  and  using  the  inboard  back  pressure  valve,  slowly 
apply  inboard  oil  pressure  until  the  propeller  unfeathers.    While  applying 
the  inboard  oil  pressure,  and  looking  at  the  inboard  pressure  gage,  slowly 
apply  180  psi  of  oil  pressure  to  the  propeller.    The  propeller  shall 
release  the  feather  locks  at  a  rUn-tnmm  oil  pressure  of  180  psi.  Leave 
the  outboard  pressure  valve  and  the  inboard  back  pressure  valve  in  this 
position  and  do  not  apply  any  more  pressure  to  the  propeller. 

Step  Seven  -  Reverse  Pressure  Tests 

With  the  hydraulic  oil  tester  valves  in  the  same  position  as  in  step 
six,  apply  enough  inboard  oil  pressure  to  position  the  propeller  blades 
at  the  low  blade  angle  setting.    Do  not  exceed  200  psi  of  inboard  oil 
pressure  during  blade  movement.    After  the  propeller  has  stopped  on  the 
low  pitch  stop  assembly,  slowly  increase  the  inboard  oil  pressure  to  235 
psi,  as  shown  on  the  inboard  pressure  gage,  and  hold  this  pressure  for 
one  minute.    The  propeller  shall  not  decrease  blade  angle  to  the  reverse 
position.    Slowly,  apply  more  increase  oil  pressure.    The  propeller  shall 
change  blade  angle  at  a  pressure  of  250  to  280  psi,  as  shown  on  the  in- 
board pressure  gage,  and  shall  move  to  the  full  reverse  blade  angle. 
After  the  propeller  has  reached  the  reverse  blade  angle  position,  remove 
the  inboard  oil  pressure  by  opening  the  inboard  back  pressure  valve  and 
the  outboard  pressure  valve. 

Apply  oil  pressure  to  the  propeller  to  move  the  blades  towards  the 
low  blade  angle  setting,  this  movement  must  be  no  more  than  one  to  10 
degrees  below  the  low  blade  angle  setting  of  23.3  degrees  of  blade  angle. 
To  make  this  blade  angle  movement,  close  the  inboard  pressure  valve,  and 
adjust  the  outboard  back  pressure  valve.    After  the  desired  blade  angle 
movement  has  been  completed,  open  the  inboard  pressure  valve  and  the  out- 
board back  pressure  valve.    Close  the  outboard  pressure  valve  and  adjust 
the  inboard  back  pressure  valve  to  apply  85  psi  of  inboard  oil  pressure, 
read  the  amount  of  oil  pressure  on  the  inboard  pressure  gage.    The  result 
of  this  action  is  that  the  propeller  blades  should  not  move  towards  the 
reverse  blade  angle.    Slowly  apply  more  inboard  oil  pressure.    The  propeller 
blades  shall  move  to  the  reverse  position  at  a  pressure  of  between  85  to 
125  psi  of  oil  pressure.    After  the  blades  have  reached  the  reverse  posi- 
tion, remove  the  outboard  back  pressure,  and  the  inboard  pressure  by 
opening  the  two  valves. 
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Step  Eight  -  Reverse  Blade  Angle  Setting 

I  With  the  propeller  blades  in  reverse,  using  the  blade  angle  protrac- 

tor, P/N  PE  105,  and  the  template,  HS  7548,  measure  the  blade  angle  at  the 
reverse  position  and  record  the  readings  of  all  the  blades.    The  reverse 
angle  of  each  blade  shall  be  equal  to  the  feather  angle  of  the  blade 
minus  the  range  of  the  feather  stop  ring.    Use  the  feather  angles  pre- 
viously recorded  during  the  feather  blade  angle  setting  check  (step  four). 
Since  the  correction  factors  were  previously  applied  to  the  feather  bladr 
angles,  do  not  apply  them  to  the  reverse  blade  angles.    Now  using  the 
stop  ring  range  of  100  degrees  to  102  degrees  of  blade  angle,  and  the 
feather  blade  angle  readings,  subtract  the  feather  blade  angle  from  the 
stop  ring  range.    The  result  will  be  the  reverse  blade  angle  limits. 

EXAMPLE: 

Stop  Ring  Range  -100.0  Degrees          -102.0  Degrees 

'  Feather  angle  Recorded       +92.6  Degrees  +92.6  Degrees 

Reverse  Angle  Limits  -7.4  Degrees             -9.4  Degrees 

The  reverse  blade  angle  readings  taken  using  the  blade  angle  protractor 
and  template  previously  in  the  above  paragraph  shall  be  within  the 
reverse  angle  limits. 

Step  Nine  -  Internal  Flow  and  Leakage  Test  1n  Reverse 

With  the  propeller  still  in  reverse,  slowly  apply  inboard  oil  pres- 
v  sure  until  the  pressure  is  500  psi  greater  than  outboard  oil  pressure 

and  the  surge  valve  has  not  opened.    Use  the  inboard  oil  pressure  gage. 
The  oil  leakage  from  the  inboard  to  outboard  side  of  the  dome  piston 
assembly  shall  be  15  to  45  fluid  ounces  per  minute,  which  equals  1  to  3 
pints  of  hydraulic  fluid  in  64  seconds  as  read  on  the  flowmeter  of  the 
hydraulic  oil  test  machine. 


With  the  propeller  still  set  up  as  in  the  previous  paragraph,  the 
oil  leakage  from  the  inboard  side  of  the  dome  piston  assembly  to  the 
barrel  will  be  collected  in  a  graduated  container  from  the  barrel  drain 
petcock  of  the  oil  test  fixture,  HSP  8961.    The  combined  oil  leakage  of 
the  two  above  tests  shall  not  exceed  75  fluid  ounces  per  minute. 

Slowly  apply  inboard  oil  pressure  until  it  is  no  greater  than  700  psi 
and  the  surge  valve  has  opened  as  indicated  by  no  further  rise  in  the 
inboard  oil  pressure.    The  oil  flow  from  the  inboard  to  the  outboard  side 
of  the  dome  piston  assembly  shall  be  a  minimum  of  three  quarts  per  minute 
as  measured  by  the  flowmeter  on  the  instrument  panel. 

We  have  completed  the  oil  test  procedures  for  the  54H60  propeller 
assembly.    Now,  the  propeller  assembly  must  be  removed  from  the  oil  test 
post,  HSP  2100,  and  the  hydraulic  propeller  tester  disconnected.  First, 
the  propeller  assembly  must  be  placed  in  the  feather  position.    Then  the 
oil  pressure  must  be  removed  from  the  propeller  and  the  hydraulic  propeller 
tester.    After  the  propeller  is  in  the  feather  position,  and  no  oil  pres- 
sure is  applied  to  the  propeller,  we  can  remove  the  dome  cap  from  the 
dome  assembly.    Then  clbse  the  outboard  pressure  valve  and  the  inboard 
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preset,  valve,  and  open  the  suction  valve.    This  will  pick  up  all  excess 
oil  in  Che  propeller  dome  assembly  and  we  will  be  able  to  further  dis- 
assemble the  propeller  from  the  tester.    You  will  be  using  the  suction 
line  as  each  assembly  is  removed  from  the  oil  test  post,  HSP  2100* 

After  the  oil  has  been  removed  from  the  outboard  side  of  the  dome 
assembly,  using  the  dome  spanner  wrench,  HSP  648,  remove  the  dome  assembly 
from  the  hub  and  blade  assembly.    Using  the  suction  line  again,  remove 
the  excess  oil  in  the  dome  shelf,  which  is  part  of  the  barrel  assembly. 
After  this  has  been  completed,  remove  the  pitch  lock  externally  threaded 
ring.    Using  the  pitch  lock  mechanical  puller,  HS  7580,  and  exercising 
caution  not  to  damage  the  threads  of  the  pitch  lock  cap,  insert  the  puller 
into  the  pitch  lock  cap  and  remove  the  pitch  lock  assembly  from  the  pro- 
peller retaining  nut*    Using  the  socket  sleeve,  SWE  86630,  remove  the 
propeller  retaining  nut,  front  cone,  the  associated  parts  from  the 
propeller  barrel  assembly,  and  the  oil  test  post,  HSP  2100. 

With  the  propeller  still  on  the  test  post,  recheck  the  torque  on 
the  barrel  bolt  extension  studs  and  align  the  cotter  pin  holes  on  the 
barrel  bolts  and  safety  with  the  correct  cotter  pins. 

Using  the  hoist,  lift  the  propeller  from  the  o£l  test  post,  HSP 
2100,  and  remove  the  oil  test  fixture,  HSP  8961,  using  the  mechanical 
puller,  HSP  1584,  oil  tester  fixture  puller.    Then  remove  the  preformed 
packing,  phenolic  spacer,  and  the  rear  cone  from  the  oil  test  post. 
After  the  above  procedures  are  completed,  the  propeller  assembly  is 
ready  for  minor  balance  and  assembly  of  the  hub  mounted  bulkhead 
assembly,  rear  spinner  assembly,  and  deicer  contact  ring  holder  assembly. 
This  concludes  the  operational  and  leakage  tests  for  the  54H60  propeller 
assembly. 

QUESTIONS 

1.  What  is  the  maximum  pressure  allowed  to  release  the  low  pitch 
stop  levers? 

a.  270  psi 

b.  280  psi 

c.  290  psi 

d.  295  psi 

2.  Why  do  you  not  exceed  200  psi  of  inboard  oil  pressure  when 
unfeathering  the  propeller? 

a.  To  stop  the  propeller  at  the  low  pitch  stop 

b.  To  move  the  propeller  to  reverse 

c.  To  release  the  low  pitch  stop  levers 

d.  To  check  the  pitch  lock  assembly 
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3.      What  is  the  maximum  pressure  allowed  to  move  r he  propeller 


a.  85  psi 

b.  95  psi 

c.  115  psi 

d.  120  psi 

4.  What  is  the  range  of  the  feather  stop  ring? 

a.  100-102  degrees 

b.  100-105  degrees 
c  100-110  degrees 
d.  92-100  degrees 

5.  What  is  the  maximum  oil  leakage  allowed  in  reverse? 

a.  10-45  fluid  ounces 

b.  15-45  fluid  ounces 

c.  10-50  fluid  ounces 

d.  15-50  fluid  ounces 


blades  into  reverse? 
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Jet  Engine  Branch  3ABRA267^^11 
Chanute  AFB,  Illinois  22  Janulvy  1980 

VALVE  HOUSING  MAINTENANCE  AND  ADJUSTMENT 

OBJECTIVE 

After  completing  this  study  guide  and  your  classroom  instruction, 
you  will  be  able  to  remove  and  replace  the  valve  housing  on  the  propeller, 
adjust  mechanical  rpm  setting,  beta  schedule,  reverse  torque,  and  feather 
adjusting  screws,  and  the  procedures  for  maintenance  and  adjustment  of 
the  valve  housing  assembly. 

INTRODUCTION 

A  propeller  malfunction  caused  by  an  inoperative  component  on  the 
turbocontrol  valve  housing  will  be  corrected  by  replacing  the  complete 
valve  housing. 

INFORMATION 

This  study  guide  contains  ail  the  information  that  is  necessary  to 
remove  and  replace,  and  to  perform  the  different  adjustments  on  the  valve 
housing  assembly.    These  adjustments  must  be  made  using  the  applicable 
technical  order  to  prevent  damage  to  equipment  and  personal  safety. 

Valve  housings  can  Ire  interchanged  from  one  control  assembly  to 
another. 

Prior  to  removing  the  valve  housing  you  will  place  the  condition  lever 
in  the  air  start  and  the  throttle  in  ground  idle.    This  will  operate  the 
propeller  to  ground  idle,    then  the  electrical  connections  will  be 
disconnected  from  the  control  assembly. 

Note:    Th*?  electrical  power  must  be  turned  off  before  removing  the 
electrical  connections  to  prevent  burning  out  panels  in  the  synchro- 
phaser.    The  control  linkage  must  now  be  disconnected  from  the  alpha 
input  shaft.    The  valve  housing  cover  will  be  removed  next.    At  this 
point  you  will  check  the  protractor  on  the  beta  shaft  indicator  and 
note  the  reading,     (See  figure  1.)    The  replacement  valve  housing 
will  be  set  at  the  same  angle  less  2°  to  provide  for  adjustment  of 
beta  shaft. 

A  rig  pin  must  now  be  installed  in  the  beta  shaft  (figure  2)  to 
prevent  the  torsion  spring  from  "snapping"  the  beta  shaft  and  drive  gear 
against  the  stop,  when  the  valve  housing  is  removed  (figure  3).     If  the 
rig  pin  cannot  be  inserted,  you  must  loosen  the  feather  adjusting  screws. 


OPR:  3350  TCHTG 
DISTRIBUTION:  X 

3350  TCHTG/TTGU-J  -  200;  TTVSA  -  1; 

Designed  for  ATC  Course  Use.    Do  Not  Use  on  the  Job. 
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Figure  2.    Valve  Housing  Assembly  Adjustments. 


Figure  2.    Beta  Rig  Pin  Location. 
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Figure  3.    Beta  Cam  Adjustment. 

This  will  allow  the  beta  shaft  to  turn  .o  the  rig  pin  will  fit.    The  blades 
should  notb.  turned  while  this  rig  pin  is  installed.    Severe  damage  to 
the  valve  housing  will  occur. 

The  nuts  and  washsrs  thst  hold  ths  vslve  housing  on  will  now  be 
removed  and  the  valve  housing  and  sesl  plate  lifted  off. 

To  remove  the  beta  shaft  rig  pin,  you  should  hold  the  beta  drive 
gear,  remove  the  rig  pin  end  let  the  drive  gesr  slowly  rotste  to  the  stop. 

.    f1!*^r?  ^J*1}1*8  th*  r«Pl*ceaent  valve  housing,  a  new  seal  plate 

tZSl* *!f   *    °n  the  Puap  h0U9l°6-  you  should  center  the 

feather  adjusting  screws  so  feather  angle  can  be  adjusted  later  on. 

w.  "J".?!  5fC*  drlVe  8ft*r  w111  be  stated  "ntil  the  protractor  on 
beta  shaft  indicates  near  the  sane  angle  as  was  noted  on  the  removed 
vslve  housing.    The  shaft  will  be'  locked  in  this  position  with  the  rig 
pin.    The  valve  housing  is  ready  to  be  installed.    During  installation, 
care  should  be  taken  to  insure  that  the  beta  gear  meshes  properly  with 

\  i?r8e*rlD8*    T1*htening  the  valve  housing  down  without  proper 
mesh  will  result  in  damage  to  the  valve  housing.    If  the  gears  do  not 
mesh  you  should  loosen  the  feather  adjusting  screws,  or  "lawnmower" 

of TS1  Zlrl  t  ;rotra"?r  about  one  *»»  •*<*.    This  will  allow  movement 
of  the  beta  gear  enabling  it  to  mesh  with  the  intergearing. 

The  attaching  washer  and  nuts  would  now  be  installed  and  evenly 

••?IT!li*C"0    lng  t°Jth*  T°-    Next  th*  rl8  Pln  •hould  be  r«*>ved  and  the 
lawnmower    screws  adjusted  to  set  the  protractor  to  the  angle  noted 
during  removal  of  the  valve  housing.    The  setting  of  the  beta  shaft  is 
accomplished  at  ground  idle,  but  the  actual  angle  must  be  correct  at 
leather  • 

k.^T°  lD8ta11  the  valve  homing  cover  you  must  index  the  alpha  input 
shaft  in  the  cover  to  the  alpha  shaft  on  the  valve  housing.    To  do  this 
you  just  lock  the  alpha  shaft  at  the  flight  idle  position  with  a  rig  pin. 
The  rigging  spacer  that  the  rig  pin  fits  into  has  two  slots.    To  insure 
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you  have  the  pin  in  the  correct  slot,  you  should  try  to  rotate  tha 
^tlpha  shaft.    With  tht  pin  installed  all  tha  way  in  there  shall  b*  no 
free  play  of  the  alpha  shaft. 


The  input  lever  on  the  valve  housing  cover  should  be  positioned  at 
flight  idle.    The  cover  should  now  be  installed.    If  the  split  gears  in 
the  cover  do  not  exactly  mesh  with  the  input  gear  on  the  alpha  shaft,  the 
input  lever  will  be  forced  away  from  the  flight  idle  position  as  the 
cover  is  installed.    An  adjustment  to  bring  the  input  lever  back  to 
flight  idle  is  made  by  repositioning  the  micro  adjusting  ring  on  the  input 
shaft.    Once  the  input  lever  is  alined  the  housing  cover  can  be  attached 
with  the  retaining  nuts. 

There  must  be  no  backlash  between  the  split  gears  in  the  valve 
housing  cover  and  the  gear  on  the  alpha  shaft.    To  remove  the  backlash 
an  adjustment  is  made  with  the  screw  on  the  split  gears.    This  adjust- 
ment is  made  with  the  input  lever  placed  at  reverse.    The  electrical 
connections  and  control  linkage  should  now  be  attached.    A  check  will 
now  be  performed  to  insure  that  the  beta  cam  is  correctly  set.  The 
condition  lever  would  be  placed  in  the  feather  position.    When  the 
blade  angle  stops  changing  you  should  check  the  reading  on  the  beta 
shaft  indicator  (protractor).    It  must  read  92. 5*. 

The  valve  housing  change  is  not  completed  until  three  more  checks 
are  performed.    They  are:    Beta  schedule,  reverse  stop  (reverse  torque) 
and  mechanical  governing.    The  adjusting  screws  are  shown  in  figure  1. 

SUMMARY 

>        Changing  a  valve  housing  requires  care  and  a  good  knowledge  of  the 
procedures  to  be  followed.    Improper  handling  and  careless  maintenance 
can  easily  damage  the  valve  housing.    After  the  valve  housing  has  been 
installed,  it  must  be  adjusted  to  set  the  reverse  torque,  beta  schedule, 
and  mechanical  governing  rpm.    Anytime  a  valve  housing  or  a  turbocontrol 
has  been  changed,  the  NTS  bracket  clearances  must  be  checked  and  adjusted. 
The  procedures  for  performing  all  the  rigging  and  adjustments  on  the 
propeller  installation  can  be  found  in  TO  1C-130B-2-11. 

QUESTIONS 

1.  With  the  alpha  shaft  pinned  at  flight  idle,  and  the  input 
shaft  positioned  at  flight  idle,  the  split  gears  in  the  valve  housing 
cover  will  not  mesh  with  the  alpha  shaft  gear.    What  adjustment  is  used 
to  correct  this? 

2.  What  precaution  should  be  taken  during  removal  of  the  valve 
housing? 

3.  Why  must  electrical  power  be  off  before  the  electrical  connectors 
are  disconnected  from  the  turbocontrol? 

4.  Where  is  the  correct  angle  of  the  valve  housing  to  propeller 
adjusted  following  valve  housing  removal  and  replacement? 
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5.  What  device  is  used  to  adjust- backlash  (gear  lashT'in the 
input  shaft? 

6.  How  is  tha  blade  angle  reading  of  the  beta  shaft  checked  to 
see  if  it  agrees  with  #1  blade  angle? 

7.  What  is  the  result  of  failing  to  remove  tha  beta  shaft  rig 
Pin  prior  to  OPS  checks?  8 

8.  What  checks  are  required  following  valve  housing  change? 

9.  Which  Tech  Order  gives  complete  valve  housing  replacement 
ins  t  mot  ions? 

10.    Which  clearances  must  be  checked  following  valve  housina 
change?  * 
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VALVE  HOUSING  MAINTENANCE  AND  ADJUSTMENTS 


OBJECTIVE 

After  completing  this  workbook  and  your  classroom  instruction, 
you  will  be  able  to: 

1.  Identify  nomenclature  of  the  propeller  valve  housing 
components  and  their  function  and  operating  principles  pertaining 
to  valve  housing  maintenance  and  adjustment. 

2.  Locate  procedures,  torque  limits,  safety  practices,  FOD 
prevention,  and  special  tools  pertaining  to  valve  housing  maintenance 
and  adjustment. 

EQUIPMENT 


PROCEDURE 

Using  information  given  by  the  instructor  and  TOs  1C-130B-2-11 
and  3H2-7-3,  complete  the  following  projects. 


TO  1C-130B-2-11 
TO  3HA2-7-3 


Basis  of  Issue 
1 /student 
1/student 
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Project  1 


DUfcECTIOHS 


Ueing  the  components  listed  below,  fill  in  the  nomenclature 
oppoeite  Mch  function  by  matching  the  correct  component  with  each 
function  listed  for  valva  houaing  maintenance  and  adjustment. 


coHPOMprrs 


Spaad  Sat  Can  Bata  Faadback  Shaft 

Beta  Sat  Cam  Manual  Faathar  Cam 

Praaaura  Cutout  Backup  Cam  Protractor  Cam 

Bata  Followup  Cam  Condition  Lavar 
Backup  Valva  Cam 


TOHCTIOtl  NOMENCLATURE 

1.  Moves  linkaga  at  tha  turbocontrol   

in  faathar  poaltion  only. 

2.  Cama  out  negative  torqua  ayatam   

in  bata  range*  " 

3.  Cama  out  machanical  governor  in 

bata  ranga.  ~ 

4.  Schadulaa  pilot  valva  movamant 
in  bata  ranga. 

5.  Insures  tha  propallar  goaa  to   

full  faathar. 

6.  Poaltlona  pilot  valva  aa 
scheduled  by  power  lavar. 

7.  Backe  up  tha  low  praaaura  relief   

valve  to  ehift  the  low  pitch  ©top 

•ervo  valve. 


8.  Indicates  actual  blade  angle. 

9.  Transmits  blade  angle  reading 
from  No.  one  blade  to  cem  on 
beta  shaft. 
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Project  2 

DIRECTIONS 


Using  TOs  1C-130B-2-11  and  3RA2-7-3,  tmvir  the  following 
questions . 

1.     What  technical  order  lists  the  procedures  for  valve  housing 
removal  and  replacement  on  the  flight  line?   

2*     What  is  the  paragraph  number  for  removal  and  replacement  of 
the  valve  housing  assembly?   

3.     What  section  of  the  technical  order  lists  the  special  tools 
required  for  removal  and  replacement  of  the  valve  housing  assembly? 


4.      What  is  the  specific  caution  In  the  technical  order  that 
concerns  electrical  power  to  the  synchrophaser  assembly?   


5.     What  are  the  three  components  on  the  propeller  assembly 
which  must  be  removed  prior  to  removing  the  valve  housing  assembly? 


6.     What  is  the  special  tool  which  must  be  Installed  prior  to 
removing  the  nuts  that  secure  the  valve  housing  assembly  to  the  pump 

housing  assembly? 

7*     What  is  the  nomenclature  of  the  special  tool  used  to  remove 
the  inaccessible  nuts  on  the  valve  housing?   

8.     Why  do  you  compensate  for  backlash  In  the  beta  gear  train 
during  installation  of  the  valve  housing  assembly? 


9.     What  Is  the  torque  limit  on  the  nuts  that  secure  the  valve 
housing  to  the  pump  housing?   

10.  What  is  the  position  of  the  alpha  shaft  when  installing 
the  valve  housing  cover?  ^  

11.  How  do  you  adjust  the  input  lever  on  the  valve  housing 
cover  that  aligns  with  the  index  plate?  


12.  What  is  the  clearance  gap  limits  on  the  negative  torque 
system  bracket?   
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What  it  tht  maximum  limit  for  ground  id  It  blada  anglts? 


14.     What  it  tht  maximum  limit  for  adjustmant  of  tht  rtvtrtt 
bltdt  tnglt? 

IS*  What  ttction  of  tht  ttchnical  ordtr  littt  tht  proctdurts 
for  Adjusting  proptlltr  control  linkagt?  _  

16*     What  ttcion  of  tht  ttchnical  ordtr  littt  tht  proctdurts 
for  tht  opt rational  chtcka  vith  tcgint  not  running?   

17.     What  taction  of  tht  ttchnical  ordtr  littt  tht  trouble- 
shooting proctdurts  for  tht  proptlltr  assembly?   
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Engine  Branch  3ABR42633-SG-312 
Chanute  AFB,  Illinois 

PREPARE  PROPELLERS/PROPELLER  UNITS  FOR  RETURN  TO  SUPPLY 
OBJECTIVE 

After  completing  this  study  guide  end  your  classroom  instruc- 
tion, you  will  be  eble  to  stete  the  procedures  for  preparing  the 
propeller/propeller  units  for  return  to  Supply. 

INTRODUCTION 

This  study  guide  is  designed  to  introduce  you  tc  the  procedures 
of  preparing  the  propeller/propeller  units  for  return  to  Supply. 

INFORMATION 

When  the  54H60  propeller  assembly  is  removed  from  the  aircraft 
for  time  expiration,  it  must  be  prepared  for  shipment  to  the  overhaul 
facility.    There  are  certain  steps  that  must  be  adhered  to  in  order 
to  prevent  corrosion  and  foreign  objects  from  damaging  the  propeller 
parts  during  the  shipment  of  the  propeller  assembly  to  the  overhaul 
facility. 

The  propeller  assembly  must  be  completely  disassembled  in  order 
to  prepare  the  propeller  for  shipment  to  the  overhaul  facility. 
The  bottom  afterbody  assembly  is  removed  from  the  afterbody  mounting 
bracket  assembly.    The  two  terminal  nuts,  washers,  and  retaining  plate 
that  connect  the  deicing  heater  leads  cm  the  afterbody  assembly  to 
the  afterbody  mounting  bracket  assembly  must  be  removed.  Remove 
the  safety  wire  holding  the  four  bolts  to  the  adjacent  flat  head 
screws.    Loosen  the  four  bolts  that  retain  the  afterbody  assembly 
to  the  afterbody  mounting  bracket  assembly.    The  propeller  blades 
will  have  to  be  turned  towards  the  ground  idle  position.    This  position 
of  blade  angle  is  nhere  the  blade  tips  are  almost  parallel  to  the 
floor  when  the  propeller  assembly  is  on  the  assembly  bench.    On  the 
aircraft,  this  position  is  where  the  blade  tips  are  almost  parallel 
to  the  aircraft  wing.    The  propeller  blades  must  be  in  this  position 
to  be  able  to  remove  the  bottom  jtfterbody  assembly  from  the  slot  on 
the  rear  spinner  assembly.    Remove  the  bottom  afterbody  assembly  from 
the  propeller  assembly,  taking  care  to  aot  damage  any  of  the  other 
parts  on  the  propeller  assembly.    When  the  bottom  afterbody  assembly 
has  been  removed,  turn  the  propeller  blades  back  to  the  feather 
position.    Exercise  caution  not  to  turn  number  one  blade  off  the  beta 
feedback  gear  and  the  feedback  pinion  gear.    Have  someone  else  watch 
the  blade  gear  segment  to  tell  you  when  the  blade  is  nearing  the 
90-degree  mark  that  is  etched  on  the  barrel  shelf.    If  the  blade  does 
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go  beyond  110  Agrees,  the  bl.de  is  off  the  beta  feedback  gearf 
Do  not  attempt  to  turn  the  blade  back  to  the  feather  blade  angle 
By  turning  the  blade  back,  thi.  action  will  cause  damage  to  the  beta 
feedback  shaft  and  gear  assembly. 

The  next  assembly  to  be  removed  is  the  afterbody  mounting 
bracket  assembly.    Remove  the  safety  wire  holding  the  ten  cap  screvs 
and  washers  that  secure  the  afterbody  mounting  bracket  to  the 
propeller  control  assembly.    Remove  the  two  electrical  leads  from 
the  brush  block  assembly,  located  on  the  top  of  the  propeller  control 
assembly.    Remove  the  ten  cap  screws  and  washers  from  the  afterbody 
mounting  bracket  and  the  propeller  control  assembly.    Then,  the 
Msembl^  "°Untln8  br*cket  «"»       removed  from  the  propeller  control 

Prior  to  removing  the  propeller  control  assembly  from  the  pro- 
peller barrel  extension,  use  a  suitable  container  of  approximately 
five-gallon  capacity  to  drain  the  propeller  control  assembly's 
pressurized  and  atmospheric  sumps  of  hydraulic  fluid.    For  personnel 
safety,  place  an  oil  drip  pan  under  the  propeller  assembly  to  catch 
the  residue  oil,  preventing  the  possibility  of  injury  to  the 
individuals  who  are  disassembling  the  propeller  assembly  by  slipping 
or  falling  on  a  wet  floor,    it  is  also  advisable  to  have  mops  and 
buckets  readily  available  to  clean  up  the  floor,  in  case  some  of 
the  hydraulic  fluid  does  spill  onto  the  surrounding  floor  area. 
There  will  be  approxirately  three  and  a  half  gallons  of  hydraulic 
fluid  in  the  propeller  hub  and  control  assemblies.    Host  of  the 
hydraulic  fluid  will  be  drained  in  a  suitable  container,  .but  there 
will  be  some  hydraulic  fluid  spill  into  the  drip  pan  or  on  the  floor 
during  the  disassembly. 

With  the  propeller  assembly  in  the  vertical  position,  turn 
number  one  blade,  exercising  caution,  until  the  backup  valve  control 
cam  (protractor)  located  in  the  valve  housing  assembly,  reads  90 
degrees  of  blade  angle.    Install  the  beta  shaft  rig  pin,  P/N  546455 
through  the  beta  shaft  sleeve  bushing  into  the  stop  disk  on  the  beta 
shaft.    These  parts  are  located  in  the  valve  housing  assembly.  To 
install  the  beta  shaft  rig  pin,  the  valve  housing  access  cover  (gas 
cap)  will  have  to  be  removed.    After  the  beta  shaft  rig  pin  has  been 
installed,  the  propeller  control  assembly's  pin  retaining  ring  can 

if^S  5S  thC  b*rrel  "t"81011  bore.    Using  the  mechanical 
puller,  HS  8173,  the  propeller  control  assembly  can  be  removed  from 
the  propeller  assembly.    First,  four  self-locking  nuts  must  be  removed 
from  the  studs  on  the  aft  end  of  the  control  assembly.    Then,  attach 
the  mechanical  puller  to  the  four  studs  and  secure  the  mechanical 
puller  with  the  four  self-locking  nuts.    Make  sure  the  puller  end 
plate  is  secured  inside  the  barrel  extension.    Turn  the  mechanical 
puller  in  a  clockwise  direction  until  the  propeller  control  assembly 
separates  from  the  barrel  extension.    Be  prepared  to  support  the 
control  assembly  as  it  comes  off  the  barrel  extension.    Do  not  let 
the  control  assembly  drop  on  the  mechanical  puller,  this  can  cause 
damage  to  the  control  assembly's  rotating  sleeve.    If  damage  is  done 
to  the  rotating  sleeve,  the  pump  housing  assembly  will  have  to  be 
•hipped  to  the  overhaul  facility,  because  repair  of  the  item  cannot 
be  done  by  a  field  maintenance  repair  facility. 
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^       After  the  control  assembly  has  been  removed  from  the  barrel 
extension,  place  the  assembly  in  the  portable  dolly,  or  lay  it  on 
its  aide,  with  the  rotating  sleeve  pointing  upwards.    The  Mechanical 
puller  will  have  to  be  removed  prior  to  placing  the  control  assembly 
on  its  side,  then  replace  the  four  self-locking  nuts  back  on  the 
studc  to  protect  the  threads  on  the  studs  from  being  damaged.  The 
beta  shaft  rig  pin,  previously  installed  in  the  valve  housing 
assembly,  must  be  retained  in  the  beta  shaft  until  the  propeller 
control  assembly  is  reinstalled  on  another  propeller  hub  and  blade 
assembly. 

The  next  part  to  be  removed  is  the  deicer  contact  ring  holder 
assembly.    Detach  the  four  rear  spinner  electrical  connect or  straps 
from  the  terminals  of  the  deicer  contact  ring  holder  assembly,  and 
loosen  the  four  self-locking  nuts  on  the  deicer  contact  ring  holder 
assembly  enough  to  allow  the  electrical  connector  straps  to  be 
turned  away  from  the  rear  spinner  assembly,    Remove  the  safety  wire 
from  the  eight  socket  head  cap  screws  and  remove  the  socket  head 
cap  screws  and  washers  which  retain  the  deicer  contact  ring  holder 
assembly.    Remove  the  packing  seat  ring  and  the  preformed  packing 
from  the  propeller  barrel  rear  extension. 

The  rear  spinner  aesembly  is  the  next  part  to  be  removed  from 
the  propeller  assembly.    Remove  the  eight  self-locking  nuts,  spinmer 
mounting  washers ,  sleeve  spacers ,  flat  washers,  and  dowel  bolts  *hich 
retain  the  rear  spinner  assembly  to  the  hub  mounted  bulkhead  assembly* 
After  the  rear  spinner ^aembly  has  been  removed.,  the  propeller 
assembly  can  now  be  plmjmd  on  the  propeller  assembly  bench. 

Use  the  hoist  and  the  propeller  lifting  assembly  to  place  the 
propeller  aesembly  on  the  assembly  bench  and  post  assembly. 

The  hub  mounted  bulkhead  assembly  is  the  next  part  that  must  be 
removed  from  the  hub  and  blade  assembly.    Remove  the  cotter  -plus 
which  secure  the  castellated  nuts  and  the  barrel  bolt  extensions. 
Remove  the  castellated  nuts  and  the  washers  from  the  hub  mounted 
bulkhead  assembly  and  remove  the  bulkhead  assembly.    With  the  completion 
of  the  removal  of  the  afterbody,  afterbody  mounting  bracket,  propeller 
control,  deicer  contact  ring  holder,  rear  spinner,  and  hub  mounted 
bulkhead  assemblies,  all  of  the  propeller  associated  parts  have  been 
removed  from  the  propeller  hub  and  blade  assembly.    They  must  each 
be  tagged  with  an  aPTO  Form  350.    Each  item  oust  have  a  aeparate 
AFTO  Form  350  so  they  can  be  cleaned,  inspected,  and/or  repaired  as 
required  in  accordance  with  the  applicable  technical  order.  Each 
item  will  be  cleaned  with  an  approved  cleaning  solution,  such  as 
PD-680,  dry  cleaning  solvent  *    After  cleaning,  the  items  will  be 
inspected  for  deterioration  of  the  rubber  seals,  metal  corrosion, 
wear,  and  other  damage.    All  electrical  wiring  will  be  Inspected  for 
broken  wires,  damaged  sheath  coverings,  corrosion,  loose  and  damaged 
electrical  pins,  and  security  of  the  retention  receptacle  mounts. 
All  the  electrical  receptacles  must  be  covered  with  plastic  or  capprnd 
with  electrical  caps,  and  the  propeller  control  assembly  rotating 
sleeve  must  be  covered  to  prevent  contamination  from  entering  the 
control  assembly. 
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,  The  hub  and  blade  assembly  will  be  disassembled  using  the 
correct  procedures  contained  in  TO  3H1-18-2.    With  the  hub  and  blade 
assembly  on  the  assembly  post  and  bench,  remove  the  eight  cotter 
pins  from  the  barrel  bolt  extension  studs.    To  remove  the  barrel 
bolt  extension  studs ,  it  will  be  necessary  for  you  to  use  a  one  and 
one-sixteenth  inch  socket,  a  torque  breaking  work  handle,  and  a 
15/16  inch  box  end  wrench.    Remove  the  extension  studs.  Then, 
using  a  soft-faced  mallet  tap  the  barrel  bolts  out  of  the  barrel 
♦assembly.    Install  the  front  barrel  half  fuller,  HS  7031,  and  the 
hoist.    Then,  slowly  pull  the  front  barrel  half  apart  from  the  rear 
barrel  assembly.    Remove  the  rubber  seals  from  the  barrel  halves, 
and  throw  the  rubber  seals  in  a  trash  container.    Then,  exercising 
caution *  remove  the  serially  numbered  split  thrust  washers  from 
around  the*  blade  shanks.    It  may  be  necessary  to  move  the  blade  tips 
in  an  up-and-down  motion  very  slightly  while  rotating  the  split 
thrust  washers.    This  will  aid  in  the  removal  of  the  split  thrust 
•washers.    Remove  the  thrust  bearing  retainers  in  the  manner  as 
described  in  removing  the  split  thrust  washers. 

NOTE:    THE  SPLIT.  THRUST  WASHERS  ARE  SERIALIZED  AND  MUST 
BE  KEPT  TOGETHER  AS  A  MATCHED  SET. 

■  ,  To  remove  each  of  the  propeller  blades,  place  an  HSP  1682, 
sling  assembly*  around  the  blade  which  will  be  removed  first  from 
the  barrel  assembly.    Pull  the  blade  outward,  towards  the  blade 
tip,  just  enough  to  clear  the  baTrel  arm  stub,  and  then  lift  the 
blade  straight  up  using  the  hoist.    Make  sure  the  numbered  shim 
plate  or  the  beta  segment  gear  does  not  fall  off  the  blade  butt  and 
..get  damaged.    Using  a  soft  rag  moistened  with  an  approved  cleaning 
splvent,  such  as  PD-680,  dry  cleaning  solvent  wipe  the  blade  shank 
and  blade  butt  clean.    After  the  blade  shank  and  blade  butt  has  been 
cleaned,  protect  the  teflon  strip  around  the  blade  shank  by  wrapping 
it  with  adhesive  cloth,  adhesive  paper,  or  heavy  wrapping  paper. 
Remove  the  remaining  three  blades  in  the  same  manner  as  described 
in  the  above  paragraphs.    After  all  the  blades  have  been  removed 
from  the  barrel  assembly,  the  blade  seals  can  be  cut  off  the  blade 
shank  using  a  knife.    Use  caution  not  to  damage  the  blade  shank  and 
the  teflon  strip.    Remove  the  blade  seal  retaining  rings  from  each 
of  the  blades.    The  seal  retaining  rings  must  be  sent  to  the  overhaul 
facility  with  the  propeller  assembly.    Do  not  remove  the  microadjustment 
rings,  blade  segment  gear,  and  segment  gear  shim  from  the  blade  butt. 
Wrap  the  blade  butt  and  shank  in  adhesive  cloth,  adhesive  paper  or 
heavy  wrapping  paper  and  secure  it  with  tape.    When  this  has  been 
completed,  the  blades  can  be  placed  in  the  propeller  shipping  crate. 

With  the  completion  of  the  blade  removal,  the  barrel  assembly 
must  be  cleaned  out  with  PD-680,  dry  cleaning  solvent  and  wiped 
dry  with  rags.    The  top  barrel  half  must  now  be  installed  on  the 
rear  barrel  half.    Using  the  barrel  bolts  and  the  barrel  extension 
studs,  secure  the  two  barrel  halves  together.    Using  an  approved 
wrapping  material,  the  barrel  assembly  should  be  wrapped  and  placed 
in  the  shipping  crate. 

The  pitch  lock  assembly  and  the  dome  assembly  must  be  drained 
of  all  hydraulic  fluid,  and  flushed  with  PD-680,  dry  cleaning 
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solvent,  and  allowed  to  air  dry.    This  la  to  comply  with  Air  Focte 
directives  concerning  the  ship— nt  of  equipment  that  contains 
flammable  fluid  such  as  fuel  or  oil.    The  pitch  lock  sad  dome 
assemblies  then  can  be  wrapped  with  an  approved  wrapping  material 
and  placed  in  the  shipping  container. 

tow,  clean  and  wipe  dry  the  split  thrust  washers^  >~«*-+^y 
retainers 9  external  sp lined  ring  spacer,  pitch  leek  -ratchet  -rfng^ 
pitch  lock  locking  control  en  ring.,  pitch  lock  externally  tin  smcfead 
xingt  propeller  retaining  nut,  front  and  rear  cooes.,  =and  the  peeking 
•mat  ring.    Wrap  these  parts  in  an  approved  trapping  material. 
Remember,  the  split  thrust  washers  are  serialised  ^as  a -matched -met 
and  muat  be  kept  together,  so  wrap  time  parts  fn  ■  separate  pmdm^e 
Place  the  parte  in  the  shipping  crate.    After  the  complete  propeller 
hub  assembly  and  the  associated  items  are  pieced  in  ^the  Shipping 
crate,  the  lids  for  the  .  two  end  boxes  can  be  Installed.  "The  ehippi^ 
crate  frame  can  be  installed  and  secured  with  the  holts  and  natm 
that  are  provided. 

With  the  completion  of  the  disassembly  of  the  propeller  hub  -end 
blades,  you  will  be  required  to  completely  fill  out  -the  fallowing 
forms:    AFTO  Form  349,  Maintenance  Data  Collection  Record;  AFTO  Form 
350,  Reparable  Item  Processing  Tag;  and  DD  Form  1577-2,  Umaei^Uxeefele 
(Reparable)  Tag  Materiel.    Theme  force  are  for  mjliumasia  s  deemmemsa 
tloo  acid  -will  have  to  be  teken  to  a  supervisor  -who  dbs  aothgrlsag  !to 
sign  them.    The  AFTO  Form  95 ,  Significant  Blmtat  fcoel  Beta.>  >wlll  '4e 
eent  to  the  shop  from  the  aircraft  records  eectSsa .   "The  mtr^iett 
records  section  is  pert  of  the  Deputy  Commsmde  i  for  ™*+H*TV*rrr*> 
complex.    The  AFTO  Form  95  vlll  be  secured  to  the  outmtte  of  the 
-shipping  crate.    The  AFTO  Form  349,  AFTO  Form  35Q,  mmd  H)  Yarn,  1577-2 
will  be  turmed  in  for  documentation  hy  the  supervisor. 

QUESTIONS 

1.  What  ia  the  first  part  to  be  removed  from  the  propeller 
assembly  during  disassembly? 

a.  Top  afterbody 

b.  Bottom  afterbody 

c.  Rear  spinner  assembly 

d.  Afterbody  mounting  bracket 

2.  Why  do  you  place  an  oil  drip  pan  under  the  propeller 
control  assembly  during  disassembly? 

a-  For  personal  *afety 

b.  To  catch  the  hydraulic  fluid 

c.  To  hold  hand tools 

d.  To  catch  residue  hardware 
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3.  The  reason  for  not  turning  number  1  blade  past  90  degrees 
of  .blade  angle  is  because  it  will  damage  the 


a.  pump  housing. 

b.  valve  housing. 

c.  beta  feedback  shaft  and  gear. 

d.  beta  shaft. 

4.  What  unit  mounted  on  the  control  assembly  must  be  removed 
during  disassembly  of  the  propeller  assembly? 

a.  Afterbody  assembly 

b.  Rear  spinner  assembly 

c.  Afterbody  mounting  bracket 

d.  Brush  block  assembly 

5.  What  is  the  nomenclature  of  the  rig  pin  installed  prior 
to  removing  the  control  assembly? 

a.  Alpha  shaft  rig  pin 

b.  Backup  valve  ring  pin 

c.  Beta  shaft  rig  pin 

d.  Blade  angle  rig  pin 

6.  What  is  the  part  number  of  the  mechanical  puller  used  to 
remove  the  control  assembly  from  the  barrel  extension  bore? 

a.  HS  8163 

b.  HS  8165 

c.  HS  8173 

d.  HS  8175 

7.  In  what  direction  is  the  HS  8173  mechanical  puller  turned 
to  remove  the  control  assembly? 

a.  Clockwise 

b .  Counterclockwise 

c.  Laterally 

d .  Horizontally 

8.  What  part  will  be  damaged  if  the  control  assembly  drops 
on  the  mechanical  puller? 

a.  Barrel  extension 

b.  Control  assembly 

c.  Stationary  sleeve 

d.  Rotating  sleeve 

9.  How  many  cap  screws  hold  the  deicer  contact  ring  holder 
assembly  to  the  propeller  assembly? 

a.  Six 

b.  Seven 

c.  Eight 

d.  Nine 
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17*    What  are  the  propeller  parte  wrapped  with  for  shipment 
to  depot? 

a*  Adhesive  cloth 

b.  Paper 

c .  Cloth 

d.  Waxed  paper 

18.  What  three  forms  will  be  taken  to  your  supervisor  after 
the  propeller  assembly  has  been  placed  in  the  shipping  crate? 

a.  AFTO  Fora  349,  AFTO  Form  350,  DD  Pom  1577-2 

b,  AFTO  Form  350,  AFTO  Form  781 f  DD  Form  1577-2 

c.  AFTO  Form  95,  AFTO  Form  349,  AFTO  Form  350 

d,  DD  Form  95,  AFTO  Form  781f  AFTO  Form  350 
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DISASSEMBLY,  INSPECTION,  AND  REASSEMBLY 
OP  TURBINE  AND  COMBUSTION  SECTION 

OBJECTIVES 

After  completing  this  workbook  and  your  classroom  instruction, 
you  will  be  able  to: 

1.  Locate  and  identify  specific  special  tools  using  the 
proper  technical  order. 

2,  Locate  and  use  the  proper  technical  orders  to  locate 
specific  directions  for  disassembly,  inspection,  and  reassembly  of 
turbine  and  combustion  section. 

EQUIPMENT 

TO  00-20-2-4 
TO  1C-130A-06 
TO  2J-T56-26 

PROCEDURE 

Follow  the  directions  given  for  each  of  the  projects  in  this 
workbook. 

Project  1 

DIRECTIONS 

Using  TO  2J-T56-26,  answer  the  following  questions  and  complete 
the  incomplete  statements. 

1.      How  many  changes  have  been  made  in  this  TO?   


2.      What  does  section  three  of  this  TO  cover? 


3.      What  figure  number  shows  an  illustration  of  turbine  shroud 
No.  6799819? 


4.      What  table  lists  combustion  liner  inspection  limits? 


5.      Who  authorizes  Field  Maintenance  to  be  accomplished  on  the 
T56  engine?  


OPR:  3350  TCHTG 
DISTRIBUTION:  X 

3350  TCHTG/TTGU-J  -  600;  TTVSA  -  1 
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Basis  of  Issue 
l/student 
1 /student 
l/student 
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o.     The  engine  constats  of  a 


a  reduction  gear  assembly. 

7.     Whsf  is  the  title  of  TO  2J-T56-607? 


,  and 


8.  What  type  hammer  heads  should  be  used  when  driving  on  any 
part  of  the  engine? 

9.  What  is  the  part  number  of  the  tool  that  must  be  used  with 
6796524?   

10.      What  is  the  stock  number  of  tool  part  number  6799053? 


11.      In  what  tool  group  is  the  wedge  inlet  guide  vanes  located? 


12.      In  what  tool  group  is  the  tool  part  number  6799976  located? 


13.  What  figure  shows  an  illustration  of  the  inner  rear  exhaust 
cone  puller  No.  6795867?   

14.  What  is  used  to  mark  parts  of  the  hot  section  of  the  engine? 


15.  How  many  bolts  are  used  to  attach  the  rear  scavenge  oil 
pump  support?   

16.  What  tool  group  must  you  refer  to  for  turbine  unit  and 
combustion  assembly  removal?   

17.  What  step  tells  you  to  remove  the  spark  igniters,  liner 
supports,  and  drain  valves? 

18.  Before  you  install  the  turbine  unit  lifting  adapter,  how 
many  bolts  have  to  be  removed  from  the  combustion  outer  casing-to- 

turbine  inlet  case  split  line?   

19.  What  is  used  to  number  each  combustion  liner  for  relocation 
at  assembly?  ^  

20.  What  position  must  the  turbine  unit  be  in  on  the  stand  to 
remove  the  turbine  rear  bearing? 


21.      When  does  the  turbine  front  bearing  scavenge  pump  have  to  be 
removed? 
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22.  If  difficulty  is  encountered  when  removing  the  teal  and 
ring  from  the  turbine  front  bearing,  it  mitt  be  removed  1AW 

paragraph  . 

23.  How  mutt  the  four  turbine  inlet  casing  separators  be 
installed  on  the  turbine  vane  casing-to-turbine  bearing  support  split 

line?  

24.  What  must  be  used  if  it  is  desired  to  lift  the  turbine 
rotor  in  a  horizontal  position?   

25.  What  TO  do  you  refer  to  for  the  cleaning  solvent  recommended 
for  the  nonferrous  parts?   

26.  What  do  you  inspect  the  turbine  rotor  shaft  bearings  for? 


27.  What  is  used  to  clean  the  igniter  plugs?   

28.  When  inspecting  the  turbine  inlet  casing,  what  figure  must 
you  refer  to  to  replace  damaged  or  loose  thermocouple  studs? 


29.  If  there  is  any  evidence  of  undercutting  at  the  base  of  the 
turbine  blades,  what  must  be  done  with  the  turbine  rotor?   


30.  If  you  are  inspecting  a  turbine  blade  and  find  a  rough  and 
crusty  appearance  on  the  blade  leading  edge  and  airfoil  section,  what 

must  be  done  with  the  turbine?   

31.  What  must  be  done  with  the  turbine-tc-compressor  tic  bolt 
if  any  cracks  are  found  in  it?  =^  

32.  What  TO  do  you  refer  to  for  calibration  of  the  thermocouple 
resistance  tester  No.  6799327?   

33.  When  a  torque  wrench  is  used  at  right  angles  to  the  adapter * 
the  reading  is   . 

34.  What  TO  do  you  refer  to  for  inspection  and  age  control  of 
rubber  engine  parts,  and  cure  date  control?   

35.  What  lubrication  is  required  during  assembly  of  the  turbine 
front  bearing  case  split  seal  rings?   

36.  What  sealing  compounds  are  applied  to  the  rear  scavenge 
pump  mounting  bolt  threads  during  assembly?   
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37.     During  buildup  of  the  turbine,  vfc«t  step  tells  you*to 


install  the  turbine  rotor  adjusting  jack? 


38*  During  buildup  of  the  turbine,  vh*t  is  used  to  drive  the 
vane  casing  into  position?  _ 

39.  What  is  the  torque  on  the  oil  nozzle  for  the  turbine  rear 
bearing?   

40.  Is  it  permissible  to  intermix  different  part  number 
combustion  liners?   

41.  What  paragraph  applies  to  thermocouples  and  thermocouple 
harness  installation?   

42.  Where  are  the  thermocouples  installed  on  the  T56  engine? 


43.  When  setting  turbine  rotor  clearance,  how  much  does  one 
turn  of  the  tie  bolt  increase  the  front  of  vane  clearance? 


Project  2 

f  DIRECTIONS 


Using  TO  00-20-2-4,  answer  the  following  questions  and  complete 
the  incomplete  statements. 

1.     What  is  entered  in  block  3  of  the  AFTO  Form  349  for  in-shop 
engine  work? 


2.  What  is  entered  in  block  5  of  the  AFTO  Form  349  for  in-shop 
engine  work?  

3.  When  will  entries  be  required  in  blocks  19  through  25  of 
an  AFTO  Form  349? 


4.      Which  columns  on  the  AFTO  Form  349  are  you  not  authorized 
to  use  ditto  marks  to  indicate  repetitive  data  elements? 


5.  When  entering  the  start  hour  in  column  Ht  how  must  it  be 
entered?  

6.  Where  does  the  job  control  number  ?*rry  on  an  AFTO  Form 
350  tag  come  from* 


'35 


7.  What  goes  in  block  6  of  an  APTO  Form  350  tag  put  on  a 
turbine  rotor?  

8.  When  can  an  AFTO  Form  350  tag  be  used  for  more  than  one 
item?     


9.      Who  is  responsible  for  completing  block  29  of  an  AFTO 
Form  350?   

Project  3 

DIRECTIONS 

Using  TO  1C-130A-06,  answer  the  following  questions  and  complete 
the  incomplete  statements. 

1.  During  what  change  number  to  this  TO  was  page  V-005  changed? 

2.  What  is  the  type  maintenance  code  for  gas  turbine  engine 
Field  Maintenance  ( JEBM) ?   

3.  What  is  the  type  maintenance  code  for  a  time  compliance 
technical  order  (TCTO)?   

4.  What  is  the  action  taken  code  for  disassemble?   

5.  What  is  the  when  discovered  code  for  in-shap  repair  and/or 
disassembly  for  maintenance?   

6.  What  is  the  how  malfunction  code  for  bearing  failure? 


7.  What  is  how  malfunction  code  486?   

8.  What  is  the  work  unit  code  for  the  exhaust  cone?   

9.  What  is  the  work  unit  code  for  the  turbine  coupling  shaft? 


10.  What  is  the  work  unit  code  for  the  turbine  rotor  assembly 
A-15? 
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Project  4 

DIRECTIONS 


Using  applicable  publications,  select  the  necessary  data  from 
given  information  and  complete  the  necessary  forms  (figures  1,  2,  3, 
and  4)  indicating  that  you  have  completed  the  task  required  by  the 
discrepancy.    Additional  forma  will  be  provided  if  you  request  them. 
Complete  only  the  front  side  (Part  I)  of  the  required  AFTO  Forms  350. 

1.  Today,  yon  and  a  crew  of  three  are  assigned  the  job  of 
removing  and  disassembling  the  turbine  section.    You  begin  removal 
at  0800  and  complete  removal  at  1000  hours,  at  which  time  you  begin 
disassembly  of  the  turbine  section.    Your  lunch  is  from  1130  to 
1230,  and  you  complete  the  disassembly  at  1600  hours. 

2.  During  disassembly  and  insepction  of  the  parts  you  found 
the  following  items  bad. 

a.  The  turbine  inlet  casing  is  cracked. 

b.  The  pump  idler  gear  shaft,  for  the  rear  turbine 
scavenge  pump,  is  sheared. 

c.  A  combustion  liner  assembly  cracked. 

3.  Use  what  you  need  from  the  following  data  and  complete 
the  required  forms. 

a.  General  information 

(1)  Job  control  number  will  be  current  Julian  date 

and  0101 

(2)  SRD  Code  -  XM3 

(3)  Workcenter  is  T3230 

(4)  FSC  is  2840 

b.  Engine  data 

(1)  Model  and  series  T56-A-7B 

(2)  Serial  number  AE104320 

(3)  ID  number  TX  4320 

c.  Part  numbers  for  the  parts  can  be  located  in  the  IPB 
for  the  engine. 
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T56  CONSTRUCTIONAL  FEATURES 

OBJECTIVES 

Upon  completion  of  this  study  guide/workbook  and  your  classroom 
instruction,  you  will  be  able  to  explain  the  constructional  features 
and  operating  principles  of  the  turbine  and  combustion  sections, 
reduction  gearbox,  and  torquemeter  assembly. 

INTRODUCTION 

Once  you  get  out  in  the  field  and  start  work,  one  of  the  most 
important  jobs  you  will  do  is  work  on  the  turbine  and  combustion 
sections.     If  you  know  these  sections,  you  will  be  able  to  perform 
better  maintenance  because  you  will  know  what  you  are  working  on. 

INFORMATION 

COMBUSTION  SECTION  ASSEMBLY 

Ah  you  study  this  part  of  the  text,  refer  to  figure  1  and  relate 
Uiu  terminology  used  to  the  illustration  of  the  various  parts. 

The  outer  combustion .casing  is  a  fabricated  steel  assembly  which  is 
secured  to  the  compressor  diffuser  and  the  turbine  inlet  casing.     It  is 
the  structural  member  used  to  support  the  entire  weight  of  the  turbine 
section  and  forms  the  outer  wall  of  the  combustion  section.    This  chamber 
provides  mounting  for  two  igniter  plugs  and  four  liner  supports  which  are 
equally  spaced  near  its  forward  end.    The  igniter  plugs  and  liner  supports 
extend  into  the  combustion  liners  and  thereby,  axially  position  and  retain 
the  combustion  liners  within  the  outer  combustion  casing.     Two  burner  drain 
valves  are  located  on  the  bottom  of  the  outer  combustion  casing,  one  at  the 
forward  end  and  the  other  at  the  aft  end.     These  are  used  to  drain  any 
fuel  overboard  that  may  collect  in  the  combustion  section  at  engine  shut- 
down.    The  drain  valves  are  lightly  spring-loaded  open  and  are  closed 
when  the  internal  pressure  of  the  combustion  section  reaches  2  to  3  psi. 

The  combustion  inner  casing  is  fabricated  to  the  turbine  inlet 
casing  and  "slip  fits"  into  the  compressor  diffuser  combustion  inner 
casing  sleeve.    An  alignment  bellows,  located  near  the  aft  end,  allows 
for  slight  misalignment  of  the  turbine  casing  and  compressor  diffuser 
without  damage  to  the  inner  combustion  casing.     The  inner  combustion 
casing  has  two  grooves  near  its  forward  end.     Each  groove  houses  a  seal 
ring  expander.     These  seal  rings  are  used  to  prevent  leakage  of  air  at 
the  forward  end  of  the  combustion  section  into  the  cavity  in  which  oil 
is  scavenged  by  the  external  scavenge  pump.     The  inner  combustion  casing 
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Section  1 

INSTRUCTIONS 


430 


Complete  the  following  statements  by  writing  the  correct  words  in 
each  blank  space. 

l'  TJe  —  _  is  used  to 

support  the  entire  weight  of  the  turbine  section  and  forms  the  outer 
wall  of  the 


2.  The 


.  are  used  to  drain 


any  fuel  overboard  that  may  collect  ir  -he  combustion  section  at  engine 


3. 


or 


positions  the  combustion  liners  axially. 


4.      The  liners  are  radially  positioned  at  the  front  by   

  secured  to  the  compressor  dif fuser  and  at  the  rear  by  the 


casing. 


5.      Combustion  liners  are  designed  to  control  ^  

and   within  the  liner,  and  to  provide  a  rapid  fuel/air  mixing 


area. 


6*      1!iie  —  .  is  used  to  transfer 

turbine  rotor  torque  to  the  compressor  rotor, 

7.      The  turbine  coupling  shaft  has  a   in  its 

interior  used  to  properly  position  the  turbine-to- 

tie  bolt  which  passes  through  the  turbine  coupling  shaft. 

TURBINE  UNIT  ASSEMBLY 

As  you  study  this  part  of  the  text,  refer  to  figure  2  and  relate 
the  terminology  used  to  the  illustration  of  the  various  parts. 

The  turbine  unit  assembly  uses  the  hot  gases  from  the  combustion 
section.    By  means  of  a  four-stage  turbine,  the  energy  in  the  expanding 
gases  is  connected  into  shaft  horsepower  for  driving  the  compressor  rotor. 
Also  six  oil  pump  assemblies,  the  engine  driven  accessories,  and  the  pro- 
peller.   The  turbine  rotor  is  radially  supported  by  two  roller  bearings; 
one  at  the  front,  the  other  at  the  rear.    By  means  of  the  turbine-to- 
rompresttor  tie  bolt  and  the  compressor  rear  bearing,  r.he  turbine  rotor 
*  positioned  and  retained  in  its  proper  axial  position. 

The  turbine  inlet  casing  outer  and  inner  shells  are  interconnected 
x>j  six  hollow,  radial  supporting  struts.    The  outer  shell  mounts  to  the 
combustion  inner  casing  and  inner  casing  liner.     Eighteen  dual  element 
thermocouple  assemblies  are  mounted  on  the  outer  shell,  with  their  probes 
extending  into  the  hot  gases  at  the  outlets  of  the  six  combustion  liners. 
Each  of  the  thermocouple  assemblies  contains  two  individual  thermocouples. 
These  are  gas-shielded  (shrouded)  thermocouples  which  use  two  sampling 
holes  on  the  forward  side,  and  one  larger  exit  hole  on  the  rear  side.  A 
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Figure  2.    Turbine  Unit  Assembly. 
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thermocouple  of  each  assembly  Is  connected  in  a  parallel  circuit 
sends  a  signal  of  turbine  inlet  temperature  (TIT)  to  the  temperature  indi- 
cating system.    The  remaining  eighteen  thermocouples  (one  per  assembly) 
nre  also  connected  in  a  parallel  circuit  which  sends  a  turbine  inlet 
temperature  signal  (millivoltage)  to  the  temperature  datum  control  (ampli- 
fier) of  the  electronic  fuel  trimming  system.    This  amplifier  compares  the 
temperature  signal  to  a  reference  signal,  and  the  signal  difference  is  used 
by  the  amplifier  for  the  purpose  of  limiting  or  controlling  the  turbine 
inlet  temperature. 

Holes  in  the  mounting  flange  of  the  turbine  inlet  casing  index  with 
holes  In  the  mounting  flange  of  the  combustion  inner  casing  liner.  These 
air  passages  allow  the  space  between  the  two  walls  of  the  combustion  inner 
casing  assembly  to  be  pressurized  by  interstage  seal  pressure.    Air  which 
leaks  past  the  rear  step  of  the  turbine  front  labyrinth  seal,  is  vented 
through  the  casing  and  two  of  its  struts.    The  guide  vane  support  and 
cooling  air  baffle  are  secured  to  the  rear  side  of  the  inlet  casing. 
Turbine  rotor  cooling  air  is  directed  from  within  the  turbine  inlet  casing 
through  the  mounting  flanges  of  the  inlet  casing  and  guide  vane  support. 
The  cooling  air  baffle  guides  this  cooling  air  toward  the  base  of  the 
turbine  rotor. 


Six  first  stage  vane  assemblies,  contained  within  the  turbine  inlet 
casing,  provide  the  fttator  for  the  first  stage  of  the  turbine.    The  guide 
vane  support  retains  the  first  stage  vane  assemblies  in  the  inlet  casing 
during  engine  buildup  and  provides  rigidity  and  structural  support  when 
^  the  turbine  unit  assembly  is  completely  built  up.    The  spaces  between  the 

(  vanes  in  the  vane  assemblies  are  convergent  ducts.    Thus,  the  vane 

assemblies  increase  the  velocity  of  the  gases  passing  through  them  as 
they  direct  the  gases  at  the  proper  angle  onto  the  first  stage  turbine 
blades.    The  outer  rim  of  the  first  stage  vane  assemblies  contains  holes 
for  the  thermocouples  that  are  mounted  to  the  inlet  casing  and  extend 
into  the  combustion  liner  outlets.    The  rear  end  of  the  combustion  liners' 
transition  section  fits  over  the  inner  and  outer  rims  of  the  first  stage 
vane  assemblies.    Thus,  the  vane  assemblies  support  and  position  the  com- 
bustion liners.    Two  seal  rings  are  placed  between  the  outer  rim.  of  the 
vane  assemblies  and  the  inlet  casing,  and  one  seal  ring  is  used  between 
the  inner  ring  of  the  first  stage  vane  assemblies  and  the  turbine  inlet 
casing,  to  minimize  gas  leakage  at  these  points. 

The  turbine  vane  casing  secured  to  the  outer  shell  of  the  turbine 
inlet  casing,  serves  as  a  structural  member.    Eighteen  vane  assemblies 
provide  the  stators  for  the  second,  third,  and  fourth  turbine  stages. 
These  vane  assemblies  are  enclosed  within  the  turbine  vane  casing.  The 
outer  rims  of  these  vane  assemblies  and  the  six  first  stage  vane  assemblies 
have  lips  which  engage  with  lips  in  the  inner  diameter  of  the  turbine  vane 
casing.    The  interlocking  of  the  vane  casing  lips  with  the  vane  assemblies 
lips  retains  and  properly  position  the  vane  assemblies  radially  and  fiaieily* 
The  second  stage  </ane  retaining  ring  (halves)  is  used  to  retain  the  second 
stage  vane  assemblies  axially.    This  vane  retaining  ring  is  installed 
between  the  mounting  flanges  of  the  inlet  casing  and  th*.  vane  casing  and 
fits  into  a  groove  cut  in  the  outer  ring  of  the  second  stage  vane 
assemblies.    First  to  second  stage  vane  locating  keys,  which  fit  in 
matching  slots  of  the  vane  assemblies  and  vane  casing,  are  used  to  locate 
and  retain  the  first  and  second  stage  vane  assemblies  in  position.  The 
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and  fourth  stage  vane  assemblies  are  similarly  located  and  retained 
~Wposition  in  the  vane  casing  by  six  third  to  fourth  stage  vane  locating 
keys.     Each  turbine  stater  consists  of  six  vane  assemblies,  with  gaps  at 
each  end  to  allow  for  the  normal  expansion  and  contraction  of  the  vane  / 
assemblies.    Two  machined  shoulders  on  the  inner  rims  of  the  second,  third  — 
and  fourth  stage  vane  assemblies  shroud  the  knives  on  the  turbine  wheel 
spacers  to  form  air  seals.    The  use  of  this  air  seal  arrangement  increases 
turbine  efficiency  by  minimizing  air  leakage  between  the  vane  assemblies 
and  the  turbifte  rotor.    The  first,  second,  and  third  stage  vane  assemblies 
shroud  the  turbine  wheel  blades  in  these  stages. 

The  turbine  blade  shrouds  of  the  first  :md  second  stage  turbine 
wheels  have  three  knives  on  the  outer  diameter  to  form  air  seals  with 
their  respective  vane  assembly  shrouds.    By  maintaining  minimum  clearances 
between  these  vane  assemblies  and  blades,  an  increased  turbine  efficiency 
results  due  to  less  air  leakage  over  the  tips  of  the  blades. 

In  order  to  maintain  proper  blade  tip  clearances,  radial  clearance 
between  turbine  wheel  spaces  and  vane  assemblies,  and  axial  clearances 
between  the  turbine  blades  and  vanes,  it  is  absolutely  necessary  that 
the  turbine  rotor  be  properly  positioned. 

The  roller  bearings,  which  radially  support  the  turbine  rotor,  are 
contained  within  bearing  cages  housed  in  the  turbine  rear  bearing  support 
and  the  turbine  front  bearing  support.    The  front  bearing  cage  is  retained 
in  the  front  bearing  support  by  an  external  retaining  ring.    A  vibration 
dampener,  between  the  bearing  cage  and  the  front  bearing  support,  dampens 
turbine  vibration  which  tends  to  occur  during  engine  start  when  the  various 
parts  are  expanding  at  different  rates.    When  the  temperature  of  the  parts  ~>> 
stabilize,  vibration  dampening  is  not  required,  and  the  vibration  dampener  J 
then  supports  and  positions  the  bearing  cage  in  its  support.     The  outer  ^ 
race  and  rollers  of  the  turbine  front  bearing  are  retained  in  the  bearing 
cage  by  an  internal  retaining  ring.    The  front  bearing  cage  and  front 
bearing  outer  race  cannot  rotate  because  they  are  locked  in  the  bearing 
support  assembly  by  a  slotted  pin.    The  inner  race  of  the  turbine  front 
bearing,  and  the  labyrinth  seal  are  retained  on  the  turbine  rotor  shaft 
by  a  spanner  nut.    The  front  bearing  shrouds,  the  front  and  rear  steps 
(stages)  of  the  labyrinth  seal.    The  labyrinth  seal  and  cage  form  a 
double  seal  which  minimizes  air  leakage  into  the  front  bearing  area,  and 
oil  leakage  out  of  the  front  bearing  area.    Some  turbine  cooling  air  will 
leak  past  the  rear  step  of  the  labyrinth  seal  to  the  space  between  the 
two  labyrinth  seal  steps.    This  air  is  called  interstage  pressure  and  is 
vented  through  the  front  bearing  cage  and  turbine  inlet  casing  inner 
shell  through  two  struts  of  the  inlet  casing.    A  controlled  amount  of  air 
will  leak  past  the  labyrinth  seal  front  step,  and  into  the  turbine  front 
bearing  area. 

Thus,  any  oil  which  tends  to  leak  through  this  front  step  will  be 
returned  into  the  front  bearing  area.    The  front  bearing  cage  has  an 
internal  baffle  which  minimizes  the  amount  of  oil  that  can  get  to  the 
labyrinth  seal  front  step.    The  front  bearing  support  has  two  external 
groove*  which  holds  an  expander  and  a  ring  in  place.    These  rings  contact 
the  inner  diameter  of  the  guide  vane  and  seal  support  and  prevents 

turbine  cooling  air  from  leaking  into  the  passage  used  to  vent  the  area  \ 
between  the  two  steps  of  the  labyrinth  seal.  The  ring  which  contacts  J 
the  guide  vane  and  seal  support,  prevents  turbine  cooling  air  from  leaking  w 
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into  the  passage  used  to  vent  the  ar<ta  between  the  two  steps  of  t 
labyrinth  seal.    The  ring,' which  contacts  the  Cront  bearing  support, 
prevents  oil  from  leaking  out  of  the  front  bearing  area  into  the 
labyrinth  seal  vent  passage.    Air  which  leaks  past  the  front  step  of 
the  labyrinth  seal  into  the  turbine  front  bearing  area,  is  vented 
along  with  the  combustion  inner  casing  and  the  combustion  inner  casing 
and  diffuser  cavities  through  a  vent  line  which  extends  from  the  diffuser 
to  the  engine  breather  mounted  on  top  of  the  air  inlet  housing. 

The  front  bearing  support  is  secured  to  the  turbine  inlet  casing  by 
a  set  of  bolts.  *  y 


A  spanner  nut  is  used  to  retain  the  front  bearing  inner  race  and 
labyrinth  seal  on  the  turbine  rotor  shaft.    A  turbine  coupling,  splined 
on  a  turbine  rotor  shaft,  is  retained  by  an  internal  threaded  coupling 
clamp  nut.    The  shaft  to  turbine  coupling  splines  into  the  furbine 
coupling  and  is  secured  by  two  internal  retaining  rings.    The  turbine 
coupling  shaft,  which  transfers  torque  from  the  turbine  rotor  to  the 
compressor  rotor,  splines  into  the  shaft-to-turbine  coupling.    A  rear 
adapter  in  the  turbine  coupling  shaft  fits  over  the  extended  stub  shaft 
of  the  first  stage  turbine  wheel. 

The  turbine  coupling  clamp  nut  is  secured  by  a  snap  ring  extending 
from  inside  the  forward  turbine  shaft,  and  into  a  hole  in  the  coupling 
clamp  nut.    When  properly  torqued,  the  coupling  clamp  nut  "jams"  the 
turbine  coupling  tightly  against  the  spanner  nut,  which  is  retained  in 
its  torqued  position  on  the  forward  turbine  shaft  by  the  "tight"  fit. 

The  turbine  rear  bearing  support  secured  to  the  vane  casing,  houses 
a  bearing  cage  used  to  support  and  position  the  turbine  rear  bearing 
The  inner  and  outer  shells  of  the  rear  bearing  support  are  interconnected 
by  seven  tangential  struts.     In  addition  to  supporting  the  turbine  rear 
bearing,  the  rear  bearing  support  guides  exhaust  gases  rearward  into  an 
aircraft  tailpipe.    The  outlet  of  the  roar  bearing  support  is  the  jet 
(exhaust)  nozzle  of  the  engine.    An  oil  pump  support  is  secured  to  the 
rear  bearing  support.    The  turbine  rear  scavenge  oil  pump  is  secured  to 
the  interior  of  the  oil  pump  support.    An  inner  exhaust  cone  and  an  outer 
exhaust  cone  insulation  are  retained  by  the  oil  pump  support.    The  inner 
exhaust  cone  streamlines  the  passage  through  which  the  exhaust  gases  are 
directed  to  the  jet  nozzle. 

An  oil  seal  spacer,  an  oil  slinger,  and  the  rear  bearing  inner  race 
are  retained  on  the  rear  rotor  shaft  by  the  rear  bearing  clamp  nut.  The 
bearing  cage  not  only  houses  the  bearing,  but  -it  also  provides  pressure 
»nd  scavenge  oil  passages.    The  oil  seal  provides  a  single  step  labyrinth 
seal  when  working  with  the  oil  seal  spacer.    This  seal  provides  a  controlled 
airflow  into  the  turbine  rear  scavenge  pump  cavity.    The  airflow  carries 
into  the  cavity,  and  stops  any  oil  that  tends  to  leak  through  the  seal. 
The  rear  turbine  bearing  oil  tube  mounts  on  a  bracket  which  is  attached 
to  the  outer  shell  of  the  turbine  rear  bearing  support.    The  pressure  oil 
tube  is  connected  to  the  oil  seal,  and  follows  inward  along  the  leading 

with  a  drilled  hole  in  the  inner  ring  of  the  rear  bearing  support.  Pres- 
sure oil  i»  then  directed  through  a  drilled  hole  in  a  bearing  cage  and 
into  a  drilled  passage  in  the  bearing  cap.    The  bearing  cap  provides  the 


851 


(flj^1  nozzle  for  lubrication  of  the  turbine  rear  bearing.    The  bearing  cage 
^  rap  retains  the  rear  bearing's  outer  race  and  rollers  in  the  bearing  cage. 

The  bearing  cage,  its  cap  and  the  oil  seal  are  retained  to  the  rear  bearing 

support  by  the  same  set  of  bolts. 

The  turbine  rear  scavenge  pump  cavity  is  insulated  from  the  heat  of 
exhaust  gases  by  the  rear  bearing  insulation  and  inner  exhaust  cone 
insulation. 

A  lifting  bracket,  located  on  the  top  of  the  rear  bearing  support, 
is  secured  with  the  rear  bearing  support  to  the  vane  casing.    This  lifting 
bracket  is  used  during  disassembly  and  assembly  of  the  power  section.  The 
front  inner  exhaust  cone  is  secured  by  bolts  to  the  forward  side  of  the 
inner  ring  of  the  rear  bearing  support  to  guide  the  exhaust  gases  rear- 
ward into  the  aircraft  tailpipe. 


Section  2 


INSTRUCTIONS 


Complete  the  following  statements  by  writing  the  correct  words  in 
each  blank  space. 

1.      The  turbine  rotor  is  radially  supported  by  two 
bearings;  one  at  the  ,  the  other  at  the  \ 


2.  The  thermocouples  send  signals  to  the 
  and  the 


Six  assemblies, 

contained  within  the  turbine  inlet  casing,  provide  the  stator  for  the 
first  stage  of  the  turbine. 

4*.      The  spaces  between  the  vanes  in  the  vane  assemblies  are 
ducts. 


5.  The  rear  end  of  the  combustion  liners'  transition  section  fits 
over  the  and   of  the  first  vane  assemblies. 

6.  The  outer  rims  of  the  second,  third,  and  fourth  stage  vane 
assemblies  and  the  six' first  stage  vane  assemblies  have  lips  which 
engage  with  lips  in  the  inner  diameter  of  the   


7.      Each  turbine  stator  consists  of    vane  assemblies, 

with  gaps  at  each  end  to  allow  for  the  normal  expansion  and  contraction 
°f  the    assemblies. 

8#      The   bearings,  which  radially  support  the  turbine 

rotor,  are  contained  within  bearing  cages  housed  in  the 

  support  and  the  

support. 
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Which^n^6  be*r±n8  Ca*C  *»  

wnich  minimizes  the  amount  of  on  -i....  :  

front  .tap.  °f  o11  that  can  ««  to  the  labyrinth  seal 

extending  ZluTslTe  ^  ^  QUt  lfi  8acu"d  *  a 

coupling^  nut  f0rWard  tUrbin«  *"d  into  aT^n-Ehr 

  8  C*ge  U8ed  to  support  and  position  the  


of  Al'      *"  CUrblne  re^venge  oil  puap  i.  8acured  to  the  interi 

haat'of  exwrgrasen:  P^  *  isolated  fro*  the 
and  inner  exhaust  cone  ~   


or 


15. 


  to   ffuldp   rha   „_v.   _  -  


.   x«ner  ring  of  the  rear 

^Jjj—   no  guide  the  exhaust  ga.es  rearwaTrinlo^hT7ir7raf t 

TURBINE  ROTOR  ASSEMBLY 

shaft  horsepower  which  dr^Se  84868  C°  develoP  ^e 

accessories,  oil  pumps,  andlhl oro^T essor  rotor,  engine  driven 
able  fron  the  turbine  depends  "oT^      ;  J**  "a°mt  °f  power  avail- 
Per  unit  of  time.     The  turbine  rotor  L^S'  ^  Vel°City  °f  airflow 
components;     tie  bolt  spacer    f  a"«»bly  is  composed  of  the  following 

The  four-stage  turbine  rotor  aasemhlv  -. 
bearings.     It  is  positioned  and  retain^  .xia"!^0"^  by  tW°  r°ller 
to-compressor  tie  bolt.  rained  axially  by  means  of  the  turbine- 

which^Vus."  aondsuppUorr?  8Lag:urbirnbeine  Whe618  ^  shafts, 
forward  turbine  shaft  ha.  .«e«2     H      '  °"  tW°  r°ller  tarings.  The 
the  turbine  couplings,  an^exter^n     V°  !rovide  a  063118  f°"  attaching 
retain  the  turbine  coupling      S  J"!^  "  ^  *  cl*°»  nut  c° 

position  and  retain  the  labyrinth  *  J™1*  tUrblne  shaft  is  machined  to 
curbine  bearing.     The  r^SS^Sj^L  «  Sri  °f  the  fr°- 

seal  spacer,  oij  .linRer    an/?  8  machined  "  position  the  oil 

to  secure  these  parts  on  the  shaft. 

is  r.£L?by^o^"ini8  ^spa1e^YhLf0rW°rd  turtl"  ^  and 

spacer  provides  support  for  the  turbine- 
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co^tfTjpressor  tie  bole  which  extends  through  the  interior  of  the  turbine 
rotor  and  the  turbine  coupling  shaft.    Th*  four  turbine  wheels  have 
machined  shoulders  near  the  inner  diameter  which  have  curvic  splines  cut 
in  them  for  mounting  adjacent  wheels  to  each  other.     Each  turbine  wheel 
is  drilled  so  the  eight  turbine  clamp  bolts  may  be  used  to  secure  the  four 
turbine  wheels  and  three  wheel  spacers.    The  outer  rims  of  the  wheels  are 
broached  for  mounting  the  turbine  blades.    The  turbine  blades  used  in  the 
first  and  second  stage  wheels  are  shrouded  to  improve  turbine  efficiency. 
Raised  shoulders  on  the  first  stage  turbine  wheel  prevent  the  first  stage 
turbine  blades  from  moving  forward  out  of  the  wheel  broaches,  while  raised 
shoulders  on  the  fourth  stage  turbine  wheel  prevent  the  fourth  stage  turbine 
blades  from  moving  rearward  out  of  the  wheel  broaches. 

The  three  turbine  wheel  spacers  (first  to  second  stage,  second  to 
third  stage,  and  third  to  fourth  stage)  are  located  between  adjacent 
turbine  wheels.     Spacers  are  mounted  to  number  two,  three,  and  four  tur- 
bine wheels.     Each  spacer  is  mounted  to  the  turbine  wheels  aft  of  the 
spacer  by  means  of  a  machined  lip  on  the  inner  hub  of  the  turbine  wheel. 
The  front  and  rear  edges  of  the  outer  rim  of  these  three  spacers  contact 
the  outer  rims  of  the  four  turbine  wheels  to  retain  the  turbine  blades  in 
their  respective  wheels.     Thus,  by  means  of  these  spacers  and  raised 
shoulders  on  the  first  and  fourth  turbine  wheels,  all  turbine  blades  are 
retained  without  the  use  of  blade  retaining  pins.     All  spacers  have  raised 
edges  on  their  outer  rims,  which  in  conjunction  with  the  turbine  vane 
assemblies  shrouding  them,  act  as  air  seals  to  minimize  air  leakage  be- 
tween the  turbine  rotor  assembly  and  turbine  vane  assemblies.  Minimizing 
nhis  air  leakage  causes  the  air  to  pass  through  the  vane  assemblies,  and 
results  in  greater  turbine  efficiency.     The  first  and  second  stage  wheel 
spacer  has  drilled  holes  on  its  inner  hub  which  contact  the  second  stage 
turbine  wheel.     These  holes  provide  for  zhe  passage  of  turbine  air,  used 
to  cool  the  forward  face  of  the  second  stage  turbine  wheel.     The  second 
to  third  stage  wheel  spacer  has  drilled  holes  in  its  outer  rim  to  exhaust 
the  air  used  to  cool  the  second  stage  turbine  wheel. 

Since  the  turbine  rotor  must  rotate  at  very  high  rpm  in  order  to 
develop  the  horsepower  efficiently,   it  is  imperative  that  the  rotor  be 
balanced  within  extremely  close  tolerances.     The  wheels  are  individually 
balanced  with  their  blades  installed,  the  wheel  spacers  are  individually 
balanced,  and  then  the  turbine  rotor  is  assembled.     Final  balancing  of 
t.he  turbine  rotor  is  done  by  the  addition  of  balance  plates  which  are 
retained  by  snaprings  near  the  hub  of  either  the  first  or  fcurth  stage 
turbine  wheels. 


Not  all  of  the  air,  delivered  to  the  combustion  section,  is  directed 
to  the  interior  of  the  combustion  liners.     Some  of  the  air  flows  along  the 
outside  of  the  combustion  cans  to  keep  them  cool.     After  cooling  the  com- 
bustion liners,  this  air  is  directed  to  the  front  side  of  the  turbine 
rotor  where  it  flows  in  two  directions,  one,  toward  the  outer  rim  of  the 
first  stage  turbine  wheel;  and  the  other,  toward  the  first  stage  turbine 
wheel  hub.     The  air,  which  is  directed  toward  the  outer  rim  of  the  first 
stage  turbine  wheel,  serves  to  cool  this  wheel  and  to  prevent  the  exhausting 
gases  from  leaking  over  the  front  face  of  the  first  stage  turbine  wheel. 

That  air  which  flows  toward  the  first  stage  wheel  hub  is  directed 
through  the  first  stage  wheel  and  its  spacer,  thus  cooling  the  rear  face 
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wheel.  «*  «1C.  through.  Si ""/l?  °f  Ch«  "Co^  »f g.  fu^L 

£  ::"ndd  co  chird  -5- g^-  v-  " 

the  Meond  .t.g.  wh#^  fl  th!  JI*    !?!  *lr  froa  ch«  fr°nc  .id,  G£ 


Section  3 

INSTRUCTIONS 


«*  £0ll-°«  ««—  »  wram,  tn.  corr.ct  word„  ln 

1.     Th.  Mount  ot  paMI 

clMp'oon.^/b.^d"?"1  "  "rlU'd  ~  "»  turbl 
—  ■*/  D«  used  co  secure  the  ~  —  turbine 

  wheel  spacers.   u  ■  Curb±n*  - 


wheel.  ^re^ouf^  ^  U"d  ^ 

•re  .hrouded  Co  iaprove  Curbina  .^j— - 

5.      The  Co 

hole,  m  its  ouTeTTi^co  .^'.ust  7hT  f"86  Wh*el  8pacer  h«  drilled 
stage  turbine  wheel.  Che  *ir  ""d  to  cool  th.  

TORQUEMETER  ASSEMBLY 
A*  you  study  this  Dart  nf 

«lv«  Ht  of  condition.,  [h. "  th'  "Action  4..r.    Under  ,„y 

.       Prov"e  the  necessary  riaiditv  f„      ?  he  reduction  gear  assemMv 

by  the  torque^eter  housing *    ^  C°  *e  alignaenc  f'tlbuZd  ^ 
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(«nt.r.  lnt.ra.dLt.,  «„d  fSSTJ^f?'  thr,e  c«1u«„t.r  b«r/nu 

Any  torque  (positive  or  negative?  ?!  !  *  CO"plin*  «  the  reduction  *ear 
J.1'  8haft  ^  operates8,  'th   .L  rTaf !?  by  the  tor^  ^ 
Therefore,  it  i.  necessary  that  rh!T    P    V  the  power  ""ion  rotors 

with  the  power  section  rotor  is  establLS.H  k     uPUt  8"r'  Concentricity 
-haft.    The  ,sf.ty  c     u     outer  ^!        I thC  conP""°r  extension 
torque  shaft  with  the  p'inio'n  Lput^r  Conc«ntricity  of  ?he 

aoniocctutor  sts*-  sr  ^^^M  sar 

—s  i. 

The 

M»  reLt?"  ^tonC|!lcJ02rcS!hr"£:r-nC'  8haft  *r*  *lw*y*  in  the 
k«y-    The  relative  position  of  tL  f       ^  C°  the  °uter  *****  locatins 
the  reference  shaft  is  deter^n^  K    7"°  6nds  °f  the  torque  sh^ft  to 
fitted,  because  the  torque  .^?t  wm t^1«»'  «*  torque  being  trans- 

torque, I^In^r^T11"  t88th  Which  are  ali«ned  at  zero 
of  the  torque  shaft  exc^r  wheel  2e  noT"*  18  the  tee  h° 

the  teeth  on  the  reference  shaft  exci^    ,°T  aligned  (in  Ph"«)  with 
increase.,  the  ouc-of-ph...  increase.     T^'h8  '    ^  th*  MOUnt  "'  torque 
i«  "lyays  the  .an*  with  .IctaJ  JmJSC.  ™    diraction  of  engine  rotation 
positive  torque  twist,  the  torque  sh^r  7  n,*ativ*  torque.  However, 
torque  twist,  the  shaft  In  the  oppos'  .  S™^^' 

nesative  torque  is  b^^^J.^^^  5 

detect,  tinrdqiUce:eore:  SCS^.~f'  "  '  Pi^up  phase 

»eter  Pickup  la  .  ^unit;         S  elec"ical  harness.    Th.  c"" 
wh.«l.  and  the  other  located  Zr  " ^1  '"V^118  ahaft  ""iter 
These  pickup.  ,ense    h  V« *  eh"ference  8haft  exciter  wheel, 

i.  out-of-ph..e  with  th.MfLr  ?!  C°rque  8haft  excit«r  wheel  teeth 
-nd  ph...  di«pl«^4£^^ ^jr  wheel  teeth.  ^ 

and  a  eub-dial"^^!1!.^^1!      "Caled  in  increments  of  1000  !nr», 
cjUbration  swi^8^  ^^T^         »"  ^W"' 
hi6hl    /^U8tnent8  are  u«d  to  «dju«     /dJu*taents.    This  switch  and 
highly  desirable  and  essential  to  torqueaeter;  therefore,  it  L 

torque.  ntial  to  have  .„  .ccurate  indication       ;  Jj  *• 
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u  function  of  the  torquemeter  is  to  measure  electronically,  the 

angulax  deflection  (twist)  which  occurs  in  the  power  transmitting  shaft, 
and  to  indicate  the  torque  required  to  produce  this  angular  deflection. 
This  indication  will  be  shown  in  the  terms  of  inch-pounds  of  torque  on 
the  cockpit  torque  indicator-    The  torqueaeter  assembly  includes  mechanical 
structural  and  electrical  components.    The  mechanical  structural  components 
coneiet  of  the  torquemeter  housing  and  the  components  with  the  torquemeter 
shaft  assembly. 

Section  4 

INSTRUCTIONS 

Complete  the  following  statements  by  writing  the  correcr  words  in 
each  blank  space. 

1.  Under  any  given  set  of  conditions,  the  maximum  torque  developed 

occurs  when  the  turbine  inl*t  temperature  is    and  the  engine 

rpm  is  . 

2.  The  function  of  the   .       is  to  measure    the 

angular  deflection  which  occurs  in  the  power  transmitting  , 

and  to  indicate  the  torque  required  to  produce  this  angular 

3.  The  torquemeter  assembly  includes  structural 

and   componentp. 

4.  The  torquemeter  housing  is  secured  to  the   

and  to  the    ~  ~~  of 


the  reduction  gear  assembly. 

5.  Alignment  of  the  power  section-to-reduction  gear  assembly  is 
provided  by  the  . 

6.  The  torque  shaft  splines  into  the   

at  the  power  section,  and  is  bolted  to  the  outer  member 


of  che  ,   at  the  reduction  gear, 

7.      The  reference  and  torque  shafts  each  include  an 
  at  their  forward  ends. 


8,  The  direction  of  engine  rotation  is  always  the  same  with 
either    or   torque. 

9.  The  torquemeter  electrical  components  consist  of  a 
 »  »  and  the  necessary  electrical  harness. 


10, 


The  pickups  send  phase  displacement  impulses  to  the 
_  which  convert  these  impulses  into   


REDUCTION  GEAR  ASSEMBLY 

As  you  study  this  part  of  the  text,  refer  to  figure  4  and  relate  the 
terminology  used  to  the  illustration  of  the  various  parts. 
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Tt&\  reduction  gear  assembly  has  four  magnesium  alloy  castings  which 
provide  the  structural  support  for  the  two  stages  of  reduction  gearing 
and  the  accessories  drive  gear  train.    These  structural  members  are  the 
front  case,  bearing  diaphragm,  rear  case,  and  rear  case  inner  diaphragm. 
Passages  for  pressure  oil  are  drilled  in  the  bearing  diaphragm,  rear  case, 
and  rear  case  inner  diaphragm  while  scavenge  oil  passages  in  the  front 
case,  bearing  diaphragm,  and  rear  case  are  "cored"  in  the  castings.  These 
pressure  and  scavenge  oil  passages  index  between  the  structural  members  as 
required  by  the  reduction  gear  lubrication  system. 

The  rear  case  provides  the  front  attachment  for  the  torquemeter 
housing.    Within  the  torquemeter  housing  is  the  torquemeter  shaft  assembly 
which  transmits  power  section  torque  to  the  pinion  input  gear.  Between 
the  pinion  input  is  the  safety  coupling.     Two  eyebolts  on  either  side  of 
the  rear  c<*je  provide  attachment  for  two  tie  struts  which  connect  to  the 
air  inlet  housing.     These  tie  struts  along  with  the  torquemeter  housing, 
provides  the  rigidity  required  to  maintain  the  alignment  between  the  power 
section  and  reduction  gear  assembly.    On  each  side  of  the  rear  case  are 
large  mounting  pads.     Engine  mounts,  connected  to  these,  support  the  engine 
within  the  nacelle. 

The  rear  case  inner  diaphragm,  secured  to  the  interior  of  the  rear 
case,  along  with  the  rear  case  provide  the  structural  support  for  the 
accessory  drive  gear  train.    The  accessory  drive  gear,  bolted  to  the 
pinion  input  gear,  provides  the  drive  for  the  accessory  drive  gear  train. 
Accessories,  which  are  mounted  on  the  aft  face  of  the  rear  case  and  which 
are  driven  by  this  accessory  drive  gear  train,  are  as  follows:  generator, 
hydraulic  pump,  tachometer  generator,  and  oil  pump.    The  starter  also 
mounts  on  the  rear  side  of  the  rear  case.    During  ground  starts,  the 
starter  cranks  the  engine  and  accessories  through  a  portion  of  the 
accessory  drive  gear  train.    The  main  scavenge  pump,  secured  within  the 
front  case,  is  driven  by  a  gear  on  the  forward  end  of  the  pinion  input 
gear  shaft.    Any  oil,  scavenged  by  this  pump,  flows  through  a  screen  type 
filter  which  has  a  magnetic  plug  at  one  end.    The  magnetic  plug,  threaded 
into  the  front  case,  can  be  removed  for  inspection,  or  to  drain  residual 
oil  from  the  reduction  gear  assembly.    The  oil  scavenged  in  the  reduction 
gear  assembly,  is  directed  to  the  scavenge  oil  return  port  near  the  bottom 
of  the  rear  case. 

The  propeller  brake  is  located  in  the  accessory  drive  gear  accessories 
drive  gear  train.    During  ground  starts,  starter  torque  is  transmitted 
through  the  prop  brake  assembly  to  the  accessory  drive  gear.    During  all 
other  operation,  the  torque  required  to  drive  the  accessories  drive  gear 
train  is  transmitted  from  the  accessory  drive  gear  through  the  prop  brake 
assembly . 

The  pinion  input  gear,  supported  by  bearings  in  the  rear  case  and 
bearing  diaphragm,  drives  the  main  drive  gear.     These  two  spur  gears  pro- 
vide the  first  stage  reduction  of  3.125  to  1.    The  main  drive  gear  is 
positioned  and  supported  by  the  main  drive  gear  bearing  which  is  on  the 
shaft  portion  of  the  rear  planet  carrier.     The  sun  gear  hub  is  bolted  to 
the  main  drive  gear.     The  reduced  rpm  of  the  first  stage  reduction  is 
reduction  is  delivered  to  the  second  stage  reduction  by  the  sun  gear  hub 
and  a  sun  gear  which  is  secured  to  the  hub.    The  sun  gear  meshes  with 
five  planet  gears  which,  in  turn,  mesh  with  the  ring  gear  that  surrounds 
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them.    The  planet  gears  are  supported  by  the  rear  planet  carrie¥£nf  the 
propeller  .heft.    The  ring  gear  cannot  mat.  a.  the  planet  g^s  are 
rotated  by  the  sun  gear,  th.y  cu..  the  prop  shaft  and  re.r  J"ne  eerier 
to  rotate.    Thi.  planetary  g..r  train  *mL»  a  .p.ed  wd.eSS^JTaS 

3  M  t?J  "TwT""  °f  redU?ti0n  Pr0V4dM  M  °Ver*U  8Peed  "duction  of 
if:f?v  l«\k  N(^T  P0W"  8eC'i0n  rp"  U'P**2*>  P«P  shaft  rpa  i.  approxi- 
mately 1020.)    Th.  rear  carri.r  is  suppled  by  .  be.ring  housed  in  the 
beering  di.phr.ga.    Two  b..ring.  on  th.  pop  .h.ft  .r.  hoWJn  the  front 
Til    °J!,0f  wh68e  18  8  r°ller  bMrin»  »£,  "dially  »uppSc    the  prop 
SSt'ifS!     a  0tJer  iS  8  b811  b"ri«^*"  «i.llyyr.t.Ls  the  prop  ' 
£SnJ?  Ci°n  8e8r  88f8ably'  the  bal1  b"rin*  i-  the  thrust 

The  ring  gear  cannot  rotate,  but  can  move  fore  and  aft.    When  there 
is  positive  torque,  the  ring  gear  is  in-le.  maximum  rearward  potion? 

tLnuf    iV^t°^Ue1fXCeed8  **™^™&***>  to  -1230  inch-pou*ds  of 
torque,  helical  splines  cause  the  rear  gitr  to  move  to  its  aaxir,um  for- 
ward position.    When  this  occurs,  the  native  torque  spring 

o^^T^d  forward'  FT/""  by  the  ^  *™>  " 

III  „!  forw«d  in  the  front  case.    The  ectuator  rod  moves  linkage  to 

as  ranS-^*       .J'"  Pr°peller  re8?ond»  t0  this  negative  t,rque  signal 
as  required  to  limit  the  negative  torque  to  a  sefe  value." 

i. 


n    n    t  m     dj!eCted  t0  the  oil  delivery' flange  which  is  secured  to  the 
Prop  shaft.    The  oil  delivery  flange  direct,  this  oil  to  sun  gear  oil 
jets,  to  prop  shaft  oil  jets,  and  to  th.-- interior  of  the  prop  shaft.  - 

with  the  five  planet  gears.  «... 

Section  5 

INSTRUCTIONS 

each  bUnklp'ace"6  f°ll0Win8  8tatenent8  *              th«  C°"e«  w"ds  * 
1.      The  structural  members  of  th-.  r*iuction  gear  are  the  


The 


and 


2.  Within  the  torquemeter  housing  i*  the 

input  ge>r.  «a*»bly  which  transmits  p^.r  section  torque  to  "the  pinion 

3.  Two  eyebolts  on  either  side  of  the 

provide  attachment  for  two   Z7~Z  

to  the  air  inlet  housing.  *  Which  connect 

4.  Accessories  which  are  mounted  oa  the  aft  face  of  the  rear  case 
and  which  .re  driven  by  this  .ccessori.s  driv.  ge«r  train  are  the 

—  »  ,  

.  ,  and   '  
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The  oil  scavenged  in  the  reduction  gear  assembly  is  directed 

to  the  scavenge  oil  m  near  the 

bottom  of  the  rear  case. 

6.  The  pinion  input  gear  supported  by  bearings  in  the   

.  and  ____ ____    t  drives  the  malt  drive 

gear. 

7.  The  sun  gear  meshes  with  five  . 


8.     The  two  stages  of  reduction  provides  an  overall  speed 

reduction  of   to  • 


9*  When  there  is  positive  torque*  the  ring  gear  is  in  its  maximum 
_____  position* 

10.      When  negative  torque  occurs  the  ring  gear  moves   
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REMOVAL  AND  INSTALLATION  OF  REDUCTION  GEARBOX  ASSEMBLY  AND 
DISASSEMBLY,  INSPECTION,  AND  REASSEMBLY  OF  TORQUEMETER 

OBJECTIVES 

When  you  have  completed  this  workbook  and  your  classroom  instruc- 
tion, you  will  be  able  to  locate  procedures,  special  tools,  torque 
limits,  and  safety  procedures  pertaining  to  removal  and  installation 
of  the  reduction  gearbox  assembly  and  disassembly,  inspection,  and 
reassembly  of  the  torquemeter. 

EQUIPMENT 


PROCEDURE 

Using  TO  2J-T56-26,  answer  the  following  questions  and  complete 
the  incomplete  statements. 

1.  What  section  of  this  TO  covers  special  tools  and  equipment? 

2.  What  tool  group  covers  the  reduction  gear  assembly? 

3.  What  is  the  part  number  of  the  holder-starter  shaft? 

4.  What  tool  group  covers  the  torquemeter  and  safety  coupling? 

5.  What  figure  covers  the  guide  for  the  torquemeter  midbearing? 

6.  What  is  the  stock  number  of  part  number  6797898? 

7.  How  many  stages  of  reduction  gears  are  in  the  reduction 


TO  2J-T56-26 


Basis  of  Issue 
l/student 


gearbox? 


8.      What  must  be  removed  before  separating  the  reduction  gear 
from  the  power  section? 


OPR:  3350  TCHTG 
DISTRIBUTION:  X 

3350  TCHTG/TTGU-J  -  500;  TTVSA  -  1 

Designed  for  ATC  Course  Use,    Do  Not  Use  on  the  Job. 


RGL:  N/A 
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9.      What  must  be  installed  over  the  rear  end  of  the  torquemeter 
once  the  gearbox  is  removed?   

10.      What  tool  group  do  you  refer  to  for  torquemeter  removal? 


11.  What  caution  applies  to  using  the  midbearing  guide  tool 
when  removing  the  torquemeter? 

12.  What  tools  are  used  to  facilitate  disassembly  of  the  torque- 
meter shaft  from  the  safety  coupling?  

13.  What  paragraph  explains  torquemeter  midbearing  removal? 


14.  What  is  used  to  clean  Fafnir  Bearing  Company  control  linkage 
rod  end 8?   

15.  The  safety  coupling  and  torquemeter  assembly  shall  be 
replaced  if  the  torquemeter  outer  shaft  0D  shows  indications  of 

  or   . 

16.  What  must  be  used  to  remove  all  burrs  from  the  torquemeter 
exciter  teeth?  __ 


17.  What  is  the  midbearing  inspected  for  and  what  series  TO 
do  you  refer  to?  

18.  If  you  are  inspecting  the  torquemeter  anti-icer  cowl  duct, 
cowl  cover,  and  dome  cover  assemblies  and  you  find  cracks  excessive 
deformation  and  wear  on  the  shroud  brackets,  what  should  be  done  with 

the  part?  

19.  What  must  be  done  with  the  propeller  brake  assembly  when 
the  outer  lining  shows  evidence  of  uneven  wear  or  the  surface  of  the 

lining  is  within  0.001  inch  of  the  rivet  head?   


20.  How  much  corrosion  is  acceptable  on  the  reduction  gear 
strut?   

21.  What  paragraph  covers  lockwire  installation?   

22.  What  is  applied  to  the  safety  coupling-to-torquemeter  bolts 
during  assembly?   

23.  What  is  applied  to  the  terminal  assemblies,  thermocouples, 
etc.,  during  assembly?   
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24.  What  size  feeler  gauge  is  used  to  check  the  reducti<£4& 
eyebolts  during  assembly?  ^  ' 

25.  What  is  the  torque  on  the  spawner  nut  for  the  safety 
coupling? 

26.  How  is  the  torquemeter  shaft  aligned  with  the  safety 
coupling? 


27.  What  position  will  the  torquemeter  pickup  pad  be  at  when 
the  torquemeter  housing  is  installed  correctly? 


28.  What  is  the  part  number  of  the  depth  gauge  used  during 
installation  of  the  torquemeter  pickup? 


29.  When  using  the  depth  gauge  to  check  for  shims  needed  under 
the  torquemeter  pickup,  you  obtain  a  measurement  of  0. 022  inch,  Sow 
many  shims  need  to  be  installed  under  the  pickup?   

30.  What  is  the  torque  value  on  the  torquemeter  shaft  to 
safety  coupling  bolts? 
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ENGINE  BUILDUP  AND  TEARDOWN 


OBJECTIVES 


After  completing  this  study  guide  and  your  classroom  instruction, 
you  will  be  able  to  define  terms  about  engine  buildup  and  teardown  and 
identify  the  technical  orders  which  deal  with  B-l  and  B-2  accessories. 


When  you- put  an  engine  in  a  car,  there  are  some  parts  that  have  to 
be  put  on  before  the  car  will  run  right.    On  an  aircraft  engine  there 
are  parts  that  must  be  put  on  before  the  engine  is  put  on  the  aircraft. 


Engine  buildup  is  a  job  where  you  get  an  engine  from  the  depot  and 
make  it  ready  to  put  on  an  aircraft.    When  you  get  this  engine  from  the 
depot,  some  parts  are  already  put  on  the  engine.    These  parts  are  called 
B-l  accessories  (engine  manufacturer  supplied).     Some  of  these  would  be 
fuel  pumps,  fuel  controls  and  so  forth.    When  these  parts  are  put  on  an 
engine  it  is  called  a  basic  engine.     TO  2J-1-24  (Equipment  Comprising  a 
Complete  Basic  Gas  Turbine  Engine)  lists  all  the  B-l  accessories  for  all 
of  the  different  types  of  engines  used  in  the  Air  Force.    To  find  a  part 
number  for  a  B-l  accessory  you  would  have  to  look  in  a  basic  engine  TO. 
Example:     TO  2J-T56-24. 

When  you  take  the  engine  and  reduction  gearbox  from  their  shipping 
containers  and  put  them  on  the  buildup  truck,  the  job  of  engine  buildup 
is  ready  to  s»:art.    This  is  when  you  will  put  the  B-2  accessories  (air- 
craft manufacturer  3upplied)  on  the  basic  engine  to  get  it  ready  for  the 
aircraft.     There  are  many  different  names  for  the3e  parts:     (1)  quick 
engine  change  kit  (QEC);   (2)  engine  buildup  (EBU)  kit;  and  (3)  power 
package  (PP) . 

To  put  the  B-2  (aircraft)  accessories  on  the  engine  you  will  have 
to  use  an  aircraft  TO.     Example:    TO  IC-130B-10.    This  TO  has  all  the 
information  that  you  need  to  put  all  of  the  B-2  accessories  on  the  basic 
engine.     This  TO  also  has  an  illustrated  parts  breakdown  (IPB)  that  lists 
all  of  the  part  numbers  for  the  B-2  accessories. 
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v  xhe  aircraft  manufacturer  buys  the  engine  from  the  engine  manu- 
facturer end  supplies  all  of  r  e  parts  needed  to  mate  the  engine  to  the 
aircraft.    The  aircraft  manufacturer  then  supplies  the  aircraft  to  tha 
Air  Force  as  a  complete  unit. 

Engine  teardown  is  the  job  of  removing  the  B-2  accessories  from  an 
engine  to  get  it  ready  to  go  back  to  the  depot. 


1.  What  kind  of  accessories  are  put  on  a  basic  engine  to  make  it 
complete? 

2.  ifliat  kind  of  accessories  are  put  on  an  engine  during  engine 
buildup? 

3.  What  technical  order  lists  the  accessories  on  all  the  different 
types  of  engines  used  in  the  Air  Force? 

4.  What  are  the  three  names  used  for  B-2  accessories? 


5.  What  type  of  TO  lists  part  numbers  for  B-l  accessories? 

6.  What  type  of  TO  is  used  when  you  put  on  the  B-2  accessories? 

7.  What  is  engine  teardown? 


QUESTIONS 


\ 


\ 
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ENGINE  BUILDUP  AND  TEARDOWN 

OBJECTIVES 

When  you  have  completed  this  workbook  and  your  classroom  instruc- 
tion, you  will  be  able  to: 

1.  Define  the  terms  engine  buildup,  QEC  kit,  basic  engine,  and 
B-l  and  B-2  accessories. 

2.  Locate  and  list  selected  B-l  and  B-2  accessories. 

3.  Identify  and  use  the  technical  orders  pertaining  to  engine 
buildup. 

4.  Document  engine  teardown  on  AFTO  Forms  349  and  350. 
EQUIPMENT 

Basis  of  Issue 
TO  00-20-2-4  1/student 
TO  1C-130A-06  1/student 
TO  1C-130B-10  1/student 
TO  2J-1-24  1/student 

PROCEDURE 

Follow  the  directions  given  for  each  of  the  projects  in  this 
workbook. 

Project  1 

DIRECTIONS 

Using  the  information  given  by  the  instructor,  accomplish  the 
following: 

1.  Describe  a  basic  engine. 

2.  What  is  engine  buildup? 

3.  What  type  accessories  are  included  on  a  basic  engine? 

4.  Who  supplies  the  accessories  on  a  basic  engine? 

5.  What  TO  contains  part  numbers  for  the  accessories  on  a 
basic  engine? 

6.  Who  supplies  the  B-2  accessories? 

7.  What  Ls  the  purpose  of  the  EBU  kit? 

8.  By  what  two  other  names  is  the  QEC  kit  known? 

9.  What  TOs  contain  part  numbers  for  B-2  accessories? 
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Using  TO  2J-1-24,  answer  the  following  questions. 

1.  What  Is  the  title  of  this  TO? 

2.  List  four  B-l  accessories  on  the  T56  engine  that  must  be 
entered  on  the  AFTO  Form  781E. 

3.  What  is  the  purpose  of  this  TO? 

4.  Which  series  of  the  T56  engine  reduction  gearbox  has  a 
Bracket  Assembly  -  Prop  Control  listed  as  a  B-l  accessory? 

Project  3 

DIRECTIONS 

Using  TO  1C-130B-10,  answer  the  following  questions  and 
complete  the  incomplete  statements. 

1.  What  is  the  complete  title  of  this  TO? 

2.  What  section  of  this  TO  gives  buildup  instructions? 

3.  Which  figure  shows  the  fuel  flowmeter  installation? 

4.  What  is  used  on  the  inside  groove  of  Marraan  clamps  when 
installing  sections  of  the  engine  compressor  bleed  manifold? 

5.  Which  coupling  clamps  require  safety  wiring  during  buildup 

6.  What  is  the  torque  value  on  a  clamp  PN  18276-200? 

7.  Before  opening  the  engine  shipping  container  what  should 
you  inspect  for? 

8.  How  is  the  eyebolt  spanner  nut  for  the  tie  struts  torqued 

down? 

9.  What   Is  the  Keder.il  stock  nuirber  for  the  propeller  shaft 
cover? 

10.  What  is  the  Federal  specification  of  the  lubricant  used  to 
lubricate  the  hydraulic  pump  slings? 

11.  What  is  the  torque  on  the  AC  generator  nuts? 

12.  How  is  the  engine  tachometer  generator  placed  on  the 
drive  pad? 

13.  What  figure  should  you  referVto  for  installation  of  the 
fuel  flowmeter  electrical  harness?  / 


14.  On  which  load  mount  is  the  bonding  tab  installed  undgvjie 
upper  rear  bolt?  STq^ 


15.  What  should  be  done  if  the  extension  shaft  seal  is  not  free 
to  "float"  when  the  retainer  assembly  is  tightened? 

16.  What  is  the  minimum  clearance  allowed  between  the  upper 
compressor  bleed  manifold  and  the  fire  detection  sensing  element? 

17.  What  is  the  part  number  of  the  temperature  datura  control 
amplifier? 

18.  How  many  units  per  assembly  are  there  for  part  number 
383198-1-4? 

19.  What  does  the  usable  on  code  4  mean  for  part  number  GEU-7/A? 

20.  What  is  the  figure  and  index  number  for  part  number  LS4764-4 

i 

Project  4 

DIRECTIONS 

Use  applicable  publications,  select  necessary  data  from  given 
information  and  complete  the  necessary  forms  (figures  1,  2  and  3) 
indicating  that  you  have  completed  the  task  indicated  by  the 
discrepancy . 

1.  Today  you  and  a  crew  of  three  turboprop  mechanics  are 
assigned  the  job  of  teardown  on  a  TS6  engine.    You  begin  at  0700  hours 
and  continue  until  1100  hours,  at  which  time  you  all  went  to  chow. 

At  1230  hours  you  and  two  men  returned  and  completed  the  job  at 
1600  hours. 

2.  During  removal  and  insepction  you  found  the  following 
problems: 


3.      Use  what  you  need  from  the  following  data  and  complete 
tho  required  forms. 


Oil  tank  cracked. 


b. 


Starter  splines  worn  beyond  limits. 


General  Information 


Job  Control  Number 


Current  Julian  Date  plus  0246 


Job  Standard 


6.0  Hours 


871  3 


Engine  Data 
Model  and  Series 
Serial  Number 

ID 

Time 

Work  Center 
Accessory  Data 
FSC 

Part  No. 
Serial  Number 


T56-A-7B 
AE  439949 
TX9949 
842.9 
T3749 

2840 
Prom  TO 

Prom  Removed  Item 


"MAINTENANCE  DATA  COLLECTlONRggQgP. 

WVKXIM.  I 


AFTO  JXfi,  349 


pmrnm  mrmn  n  own". 
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Figure  2.    AFTO  Form  350. 


Figure  3.    AFTO  Form  350. 
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ENGINE  AND  PROPELLER  INSPECTION 

OBJECTIVES 

After  completing  this  study  guide  and  your  classroom  instruction, 
you  will  be  able  to  identify  the  right  technical  orders  in  which 
engine  and  propeller  inspection  and  maintenance  tasks  can  be  found. 

INTRODUCTION 

Do  ycu  perform  an  inspection  on  your  car  often  or  before  vou  take 
a  long  trip?    If  you  are  a  smart  driver,  you  do.    The  Air  Force 
inspects  the  aircraft  before  a  mission,  after  a  mission,  and  after  a 
number  of  flying  hours  or  calendar  dsys.    You  may  be  able  to  afford  for 
your  car  to  break  down  on  the  road,  but  the  pilot  car/t  afford  for  his 
aircraft  to  break  down. 

INFORMATION 

All  work  that  is  done  on  engines  and  propellers  must  be  done  by 
the  technical  orders  (TOs) .    You  are  going  to  learn  all  about  these  TOs 
in  this  lesson.    These  TOs  are  the  aircraft  -6  (Inspection  Requirements), 
aircraft  -10  (Engine  Buildup  Instructions) ,  Engine  Maintenance  Instruc- 

/  tions,  and  aircraft  -2  (Organizational  Maintenance  Instructions).    We  are 

(  going  to  discuss  each  of  these  TOs  in  detail* 

INSPECTION  REQUIREMENT  TECHNICAL  ORDERS. 

The  aircraft         Inspection  Requirement  Technical  Order,  lists  what 
items  are  to  be  Inspected  what  the  minimum  inspection  requirements  are, 
and  when  the  items  are  to  be  inspected.    This  technical  order  has  the 
requirements  for  all  of  the  inspections  to  be  done  at  different  times  on 
the  whole  aircraft  and  its  systems.    Some  examples  of  the  inspections 
that  are  done  include  the  preflight,  thruflight,  basic  postflight,  home 
station  check,  minor  and  major  inspections. 

Inspection  Workcards 

The  information  that  is  in  the  aircraft  -6  TO  is  given  to  you  in  a 
smaller,  more  usable  size  on  inspection  cards.    The  inspection  require- 
ments that  are  in  the  aircraft  -6  are  found  in  the  aircraft  -6  WC  (work- 
cards)  in  a  more  logical  working  order.    Workcards  give  you  a  checklist  to 
be  used  in  doing  the  inspection  to  make  sure  no  item  is  overlooked. 

Inspection  Uordcard  Sections 

TO  1C-130A-6WC-15,  Minor  and  Major  Inspection  Workcards,  is  broken 
down  into  three  parts: 
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1  The  introduction,  which  tells  the  overall  arrangement  and  purpose 
technical  order* 


2*      Inspection  work  areas,  which  shows  the  area  or  the  aircraft 
where  the  work  is  to  be  done* 

3.      Workcard  section,  which  shows  the  work  assignments*  This 
includes  the  card  number,  work  arts,  type  of  mechanic,  mechanic  number, 
card  time  and  information  about  the  inspection* 

The  inspection  workcards  have  only  the  information  for  one  or  two 
related  Inspections*    Other  sets  of  workcards  are  used  to  do  some  other 
inspections  such  as: 

1.  TO  1C-130A-6WC-12,  Workcards— Pref light  Inspection 

2.  TO  1C-130h-6WC-14,  Workcards— Home  Station  Check 

ORGANIZATIONAL  MAINTENANCE  INSTRUCTION  TECHNICAL  ORDERS 

More  technical  order*  must  be  used  for  removal  and  installation 
rules,  wear  and  damage  limits,  torque  values,  special  tools,  and  trouble- 
shooting procedures* 

Some  of  the  parts  that  are  listed  in  the  aircraft  -6  WC  TO  must  be 
removed  from  the  equipment  that  is  to  be  inspected*    The  aircraft  -2  TO 
lists  these  removal  instructions  along  with  other  needed  information 
about  the  job*    You  can  also  get  information  from  the  aircraft  -10  and 
the  engine  maintenance  mfcnual* 

Information  in  these  TOs  may  be  found  by  using  the  table  of  contents 
at  the  front  of  the  manual  or  the  alphabetical  index  in  the  back  of  the 
manual*    This  is  shown  in  the  introductory  part  of  the  manuals* 

INSPECTION  PROCEDURES 

Each  inspection  done  on  an  aircraft  or  engine  can  be  broken  down 
into  two  steps,  the  look  phase  and  the  fix  phase* 

Look  Phase 

At  this  step  of  the  inspection,  the  inspection  workcard  items  are 
Inspected,  or  looked  at*    Any  major  defects  found  are  recorded  on  the 
AFTO  Form  349*    No  repair  actions  are  taken  at  this  time*    If  any  minor 
defects  are  found,  that  is,  broken  safety  wiret  loose  bolts,  missing 
cotter  keys,  etc*,  they  are  fixed  at  this  time  and  no  entry  is  made  on 
the  AFTO  Form  349*    There  is  a  common  maintenance  practice  of  inspecting 
the  three  most  serious  trouble  areas  of  the  engine  first*    These  areas  are 
the  Intake  and  the  exhaust  for  FOD  and  oil  and  fuel  filters  and  strainers 
for  contamination  of  any  type. 

Fix  Phase 

This  step  of  the  inspection  starts  when  all  of  the  workcard  items' 
have  been  inspected*  At  this  step,  all  of  the  major  defects  entered  on 
the  AFTO  Forms  349  during  the  look  phase  are  taken  care  of  by  repair  or 
replacement  * 
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SUMMARY 


Nov  you  can  see  that  a  turboprop  mechanic  must  use  more  than  one 
technical  order  to  complete  the  inspection.    The  aircraft  -6  WC 
(Inspection  Workcards)  must  be  used  with  the  aircraft  -2  (Organiza- 
tional Maintenance  Instructions),  -10  and/or  engine  or  propeller 
maintenance  manual,  to  properly  complete  any  inspection. 

QUESTIONS 

1.  What  technical  orders  should  you  use  when  completing  any 
inspections? 

2.  What  three  items  of  information  can  be  found  in  the  aircraft 
-6  technical  order? 

3.  What  technical  orders  tell  you  how  to  inspect? 

4.  What  technical  order  lists  what  and  when  to  inspect? 

5.  At  which  part  of  the  phase  inspection  is  a  broken  safety  wire 
repaired? 

6.  Each  type  of  inspection  is  broken  into  what  two  steps? 

7.  Give  a  brief  description  of  these  two  steps  of  an 
inspection. 
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ENGINE  AND  PROPELLER  INSPECTION 


OBJECTIVES 

After  completing  this  workbook  and  your  classroom  instruction,  you 
will  be  able  to: 

1.  Determine  differences  in  specific  inspections  and  describe  the 
inspection  system  and  the  inspection  concepts. 

2.  Use  inspection  workcards  to  identify  additional  TOs  and 
personnel  needed  to  complete  an  inspection. 

3.  Identify  safety  practices,  accident  prevention,  and  FOD 
precautions. 

4.  Use  applicable  publications  and  forms  to  document  an  inspection. 
EQUIPMENT 


PROCEDURE 

Follow  the  directions  given  for  each  of  the  projects  in  this  workbook. 


DIRECTIONS 

Use  TO  00-20-1  to  answer  the  following  questions. 

1.  Which  TOs  list  the  scheduled  inspections? 

2.  The  planned  inspection  and  maintenance  concept  provides  a 
method  of  performing  inspections  on  what  basis? 

3.  What  are  the  two  inspection  methods? 


Basis  of  Issue 


TO  00-20-1 

TO  00-20-5 

TO  1C-130A-06 

TO  1C-130A-6WC-15 


1/ student 
1/ student 
1/ student 
1/student 
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What  is  the  abbreviation  for  pref light? 
5.      Inspection  vorkcards  provida  tha  specialist  with 


6*      Specific  conditions  for  tha  mandatory  use  of  the  red  X  symbol 
axe  contained  in  which  other  TOs? 

Project  2 

DIRECTIONS 

Use  TO  00-20-5  to  answer  the  following  questions. 
1*      What  are  the  major  inspection  concepts? 

2*      What  is  the  last  inspection  accomplished  prior  to  takeoff? 

3.  Flying  hours  are  translated  to  calendar  periods  to  facilitate 
which  inspection  concept? 

4.  Who  will  establish  the  necessary  controls  to  assure  that 
inspections  will  be  done  at  or  near  their  scheduled  due  time? 

5.  Who  normally  makes  the  entries  in  the  symbol  block  of  the 
AFTO  Form  78A? 

6.  What  goes  in  block  4  of  the  AFTO  Form  95? 

7.  What  goes  in  block  3  of  the  AFTO  Form  44? 

Project  3 

DIRECTIONS 

Use  TO  16-130A-6WC-15  to  answer  the  following  questions. 

1.  The  minor/major  inspection  workcard  deck  covers  how  many 
inspections?    Which  ones? 

2.  When  will  inspection  requirements  preceded  by  an  asterisk  (*) 
be  inspected? 

3.  All  NDI  inspection  requirements  outlined  herein  will  be  IAW 
TO  . 

4.  What  does  the  mechanic  code  SHT,  MTL  stand  for? 

5.  What  is  the  description  of  zone  4A? 

6.  What  does  the  lubricating  symbol  OCT  stand  for? 

7.  How  long  does  it  take  to  inspect  workcard  1-004? 
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8.  What  is  the  oil  capacity  of  a tartar-part  number  350690 

9.  How  long  does  it  take  to  inspect  the  ice  detector  for  condicion, 
security,  and  cleanliness? 

10.  What  is  the  air  inlet  housing  and  duct  shaft  seal  inspected  for? 

11.  What  is  the  starter  control  valve  filter  inspected  for? 

Project  A 

DIRECTIONS 

Use  TO  1C-13QA-06  to  answer  the  following  questions. 

1.  What  is  the  system  code  for  the  turboprop  power  plant? 

2.  What  is  the  type  maintenance  code  for  a  periodic,  phased,  or 
major  inspection? 

3.  What  is  the  type  maintenance  code  for  gas  turbine  engine 
scheduled  inspections? 

A.      What  is  the  action  taken  code  for  repairs  and/or  replacement 
of  minor  parts,  hardware,  soft  goods? 

5.  What  is  the  work  unit  code  for  a  major  inspection? 

6.  What  is  the  work  unit  code  for  a  propeller  shaft  dye  check? 

7.  What  is  the  work  unit  code  for  the  thermocouple  harness? 

8.  What  is  the  work  unit  code  for  the  synchrophaser  assy? 

Project  5 

DIRECTIONS 

Using  applicable  publications,  select  necessary  data  from  given 
information.    Complete  the  AFTO  Form  349s  (figure  1  and  figure  2)  in 
this  workbook.    Generate  the  forms  required  for  the  given  discrepancies 
discovered  by  you  during  the  inspection. 

1.  Today  you  and  two  other  turboprop  mechanics  are  dispatched  to 
perform  a  minor  inspection.    The  look  phase  begins  at  0700  hour  and 
ends  at  1000  hour.    The  fix  phase  begins  at  1000  hour  until  1400  hour. 
Lunch  was  from  1200  till  1300. 

2.  During  the  look  phase  you  discovered  the  following  problems 
and  they  were  repaired  during  the  fix  phase. 

a.      Starter  housing  cracked. 

d.      Dirty  brush  block  on  the  propeller. 
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Jet  Engine  Branch  3ABR42$#S<{-503 
Chanute  AFB,  Illinois  13  May  1981 

ENGINE  REMOVAL  AND  INSTALLATION 


OBJECTIVES 


Aft#*r  completing  this  study  guide  and  your  classroom  Instruction,  you 
will  be  able  to  Eind  and  use  the  right  steps  and  select  the  proper  tools  and 
equipment  for  engine  removal  and  installation. 


INTRODUCTION 


For  this  part  of  the  lesson,  your  class  will  remove  and  install  an 
engine  on  the  C-130  engine  change  trainer*    Although  this  lesson  will  be 
limited  to  this  type  of  aircraft,  the  job  of  engine  removal  is  similar  on  most 
aircraft*    Keep  in  mind,  you  must  always  use  the  specific  organizational 
maintenance  manual  for  the  type,  model,  and  series  of  aircraft  you  are  going 
to  work  on. 


INFORMATION 


When  doing  work  on  the  aircraft  and  engines,  adequate  planning  should  in- 
clude the  inspection  of  all  the  equipment,  tools,  materials,  and  the  work  area 
to  be  used  during  the  job* 


SAFETY 


Aircraft  Forms 


Before  performing  work  on  the  C-130  aircraft,  or  any  type  aircraft,  you 
must  first  review  the  aircraft  AFTO  Form  781  forms  to  make  sure  that  the  work 
you  are  going  to  do  will  not  endanger  the  safety  of  the  aircraft,  yourself, 
or  other  people. 

Aircraft  Grounding 

When  you  have  checked  the  aircraft  forms  and  before  beginning  the  work, 
make  sure  that  the  aircraft  is  properly  grounded*    When  you  are  working  on  the 
C-130  aircraft,  two  ground  wires  are  required.    One  located  at  the  nose  just  aft 
of  the  nose  radome,  and  one  is  at  the  single  point  refueling  (SPR)  panel,  which 
is  found  on  the  right  aft  side  of  the  aircraft  just  forward  of  the  paratroop 
door* 
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Fire  Extinguisher 

Make  sure  that  a  fire  extinguisher  is  placed  near  easy  access  of  your  work 
area.    Check  the  ext;   juisher  for  serviceability  and  proper  charge*    Check  the 
fire  extinguisher  operational  steps  with  all  members  of  the  engine  change  team. 
Coordinate  with  other  members  so  that  they  are  aware  of  what  action  they  are  to 
take  in  case  of  an  emergency*    Remember,  the  safety  of  the  aircraft  and  the 
lives  of  all  the  personnel  depend  on  quick,  coordinated  response. 


Supersedes  3ABR42633-SG-503,  13  February  1980.  RGL:  10. 

OPR:    3350  TCHTG 

DISTRIBUTION:     X  QQO 
3350  TCHTG /TTGU-J  -  150;  DAV  -  1  OOC 

Designed  for  ATC  Course  Use*    Do  Not  Use  on  the  Job. 


Maint^fc^  Stands 

The  most  commonly  used  maintenance  stands  for  C-130  engine  removal 
and  installation  are  the  B-l  and  B-5.    All  the  stands  use d  on  the    Kg ht 
line  are  required  to  have  at  least  two  serviceable  wheel  locks.    It  is  a 
gool  maintenance  practice  to  lock  all  the  available  wheel  locks  before 
you  go  up  a  maintenance  stand.    You  must  check  the  equipment  records, 
ATO  Form  244  (System/Equipment  Status  Record) .  and  perform  an  operator  s 
inspection  to  make  sure  it  is  serviceable  prior  to  use.    When  raising  the 
B-l  and  B-5  stands,  be  careful  not  to  extend  them  past  the  maximum  height 
limitation.    The  maximum  extension  for  a  B-l  stand  is  when  the  lifting  ram 
is  at  a  4?;  angle  or  the  base  of  the  platform  is  10  feet  from  the  ground. 
jL  maximum  extension  for  a  B-5  stand  is  when  the  base  of  the  Pl-tfo» 
is  15  feet  from  the  ground.    When  the  stand  is  at  the  desired  height,  put  in 
the  safety  lock.    For  the  B-l  stand,  use  the  ramlock,  and  on  the  B-5  stand 
use  the  two  platform  pins,  one  on  each  side  just  forward  of  the  platform 
rollers      Do  not  remove  the  handrails  unless  it  is  necessary  to  do  the  job. 
Do  not  stand  or  sit  on  the  handrails  at  any  time.    Use  caution  when  on  the 
stands    they  can  become  slippery  when  wet.    Wipe  off  all  spilled  hydraulic 
8ianas»  .   .  -   _     _   *   ^ma.h^d  «      Uh#»n  lowering  the 


TlTln    oil f  om ^  platform'  and  ladder  Immediately.    When  lowering  the 
stands    take  out  the  safety  locks  and  slowly  release  the  hydraulic  pressure 

i  the  pUtform  comes  down  in  a  slow,  steady  manner.     If  you  lower 
the  platform  too  fast,  it  could  cause  the  hydraulic  seals  on  the  lifting 
ram  to  rupture.    Use  extreme  caution  when  positioning  the  stands  near  the 
a^rcraf^o  prevent  damage  to  the  engine  and  the  aircraft  surfaces. 

Support  Equipment 

Prior  to  using  the  support  equipment,  you  must  check  the  equipment 
records    AFTO  Form  244,  and  perform  an  operator's  inspection  to  determine 
the  condition  and  serviceability  of  the  unit.    The  most  commonly  used 

conaiL-L  removal  and  installation  of  a  T56  engine  are  the 

SETSl^S.  -  tran.port.tlon  trunk,  ond  the  on8ino  nncelle 

sling. 

Hand tool 8 

All  the  handtools  that  are  used  for  engine  change  can  be  found  in  the 
mechanic's  toolkit.    You  must  keep  the  tools  in  good  condition,  broken  tools 
IIZTa  Km  reolaced  as  soon  as  possible  and  do  not  use  them  for  any  job. 
£ec  tools,  use  'the  right  tool  for  the  job.    Do  not  use  a  tool 

^r  a  task  other  than  whit  it  was  made  for.     (Example:    Do  not  use  a  screw- 
driver for  a  punch  or  chisel.)    To  avoid  injury,  never  place  or  carry  hand- 
tools  in  your  pockets.    If  safety  wire  must  be  removed,  remember  to  cut  the 
„ire    do  not  try  to  break  the  wire.    When  cutting  safety  wire,  ho  d  the  loose 
end  of  the  wir^or  place  your  free  hand  over  it  to  prevent  eye  injury. 

Safety  Precautions 

Good  planning  and  the  observance  of  all  the  safety  rules  and  the  tech- 
nicalo^der  "CAUTIONS"  and  "WARNINGS"  can  prevent  damage  to  the  equipment 
and  injury  to  personnel. 

PREPARATION  FOR  ENGINE  REMOVAL  AND  INSTALLATION  J 

The  speed  and  ease  with  which  you  complete  an  engine  installation  or 
removal  wni  depend  on  how  well  you  prepare  for  the  task  prior  to  arriving 
O  at  the  job  site.  2 
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Technical  Data 


The  T08  that  you  will  need  for  the  installation  and  removal  of  a  T56-A7 
engine  on  a  O130  aircraft:     1C-13CB-2-4,  has  the  steps  for  the  engine 
installation  and  removal;  1C-130B-10,  has  the  information  on  the  quick 
engine  change  (QEC)  kit;  1O130B-2-2,  has  the  information  for  the  grounding 
of  the  aircraft  and  servicing  of  the  engine;  and  1C-130A-6,  which  has  the 
special  inspection  requirements. 

Special  Tools 

The  special  tools  that  you  will  need  are  listed  in  the  organizational 
maintenance  technical  order,  aircraft  -2.     Check  all  special  tools  for  their 
condition  and  serviceability  prior  to  arrival  at  the  job  site. 

Torque  Wrenches 

Since  a  varLety  of  torque  ranges  are  used  for  engine  installation,  your 
selection  of  torque  wrenches  should  include  a  1/4  inch  drive,  3/8  inch  drive, 
and  a  1/2  inch  drive.     Do  not  use  a  torque  wrench  if  it  has  been  dropped  or 
if  it  is  overdue  on  its  calibration  date. 

Caps  and  Plugs 

All  engine  pneumatic  lines,  fluid  lines,  and  electrical  connectors  must 
be  covered  as  soon  as  they  are  disconnected,  as  well  as  the  engine  inlet 
and  exhaust.    You  must  take  sufficient  caps  and  plugs  to  the  job  site. 

Waste  Containers 

When  it  is  possible,  use  a  rubber  bucket  to  catch  the  fuel  and  oil  from 
the  disconnected  lines.     If  it  is  necessary  to  use  a  metal  bucket,  the  bucket 
must  be  grounded  due  to  the  hazard  of  static  electricity.    Try  not  to  mix 
oil  and  fuel  together.     Use  separate  buckets.    This  is  necessary  because  all 
fuel  and  oil  waste  can  be  sold  by  the  Air  Force  to  recycling  agencies. 
Separate  bowsers  are  used  in  the  maintenance  areas  for  the  purpose  of 
depositing  fuel  and  oil  waste  to  the  recycling  agencies. 

FOD  Containers 

Some  containers  should  be  taken  to  the  job  site  to  place  trash:  cut 
safety  wire,  cotter  pins,  etc. 


Rags 


Rags  should  be  available  to  wipe  up  spills. 


Support  Equipment 


Preposition  all  the  necessary  support  equipment  at  the  job  site. 


T56  ENGINE  REMOVAL  AND  DOCUMENTATION 


T56-A7  engine  removal  steps  are  found  in  TO  1C-130B-2-4.  No 
deviations  are  authorized  from  these  steps. 


9 

ERIC 


Wntries  must  be  made  In  the  aircraft  forms  (AFTO  Form  781)  to  reflect 
that  the  engine  has  been  removed.    You  must  make  entries  in  the  aircraft 
forma  for  special  inspections  that  are  required  prior  to  engine  installation 
and  Job  Control  must  be  told  of  these  entries. 

An  AFTO  Form  350  tag  (Reparable  Item  Processing  Tag)  must  be  filled 
out  and  placed  on  tlu*  removed  engine.    When  you  are  done  with  the  engine 
removal,  fill  out  an  AFTO  Form  349  (Maintenance  Data  Collection  Record) 
and  tell  Job  Control  of  your  Job  status. 


Prior  to  beginning  the  installation,  you  must  check  the  aircraft  forms 
to  make  sure  that  all  the  special  inspections  have  been  done  and  documented. 
Visually  inspect  the  engine  to  be  installed  and  the  aircraft  engine  bay  area 
to  make  sure  that  no  discrepancies  exist  which  would  cause  the  engine  to 
be  removed  again. 

Installation  Procedures 

The  steps  for  the  T56-A7  engine  installation  can  be  found  in  TO  1C-13GB-2-4. 
No  deviations  from  these  procedures  are  authorized. 

Documentation 

Proper  documentation  of  a  completed  job  Is  as  important  as  the  task 
itself.    Once  the  Installation  of  the  engine  is  done,  you  must  clear  the  dis- 
crepancies concerning  the  engine  removal  in  the  aircraft  forms.    An  engine 
that  has  just  been  Installed  will  also  require:     an  engine  Inlet  Inspection 
prior  to  the  next  engine  start,  IAW  TO  00-20-5;  an  engine  runup  to  operationally 
check  the  engine  systems,  IAW  TO  1C-130B-2-4;  and  some  special  inspections 
as  shown  in  TO  1C-130A-6.    These  entries  must  be  placed  in  the  aircraft 
forms  prior  to  leaving  the  job  site.     Fill  out  an  AFTO  Form  349  (Maintenance 
Data  Collection  Record)  and  tell  Job  Control  of  your  job  status. 


Foreign  object  damage  is  the  main  enemy  of  all  aircraft  jet  engines. 
The  prevention  of  damage  to  jet  engines  by  FOD  is  everyone's  job.  Tool 
boxes  must  be  inventoried  prior  to  and  after  each  job  to  make  sure  that 
all  the  tools  are  accounted  for.    Clean  up  your  area  when  you  are  done  with 
the  job  and  put  all  waste  materials  in  the  appropriate  dispensers. 


1.  What  is  the  first  thing  to  check  before  starting  to  remove  the 
engine? 

2.  Where  should  the  ground  wires  be  located  on  the  aircraft? 

3.  What  is  the  form  used  to  check  the  serviceability  of  support 
equipment? 

4.  When  can  the  handrails  be  removed  from  the  maintenance  stands?  ) 


T5f>  ENCINK  INSTALLATION 


FOD  PREVENTION 


QUESTIONS 
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5.  What  J.8  the  *|^t  way  to -prevent  damage  to  equipment  and 
to  personnel? 

6.  What  TO  will  you  need  to  fLnd  the  steps  on  engine  removal  and 
installation? 

7.  When  should  a  torque  wrench  not  be  used? 

8.  What  type  of  container  should  you  use  to  drain  fuel? 

9.  Why  should  you  not  mix  your  waste  oils  and  fuels  together? 
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ENGINE  REMOVAL  AND  INSTALLATION 

OBJECTIVE 

After  completing  this  workbook  and  your  classroom  instruction, 
you  will  be  able  to  locate  information  pertaining  to  the  removal 
and  installation  of  a  T56  engine. 

EQUIPMENT 

TO  00-20-2-2 
TO  1C-130A-06 
TO  1C-130B-2-4 

PROCEDURE 

Follow  the  directions  given  for  each  of  the  projects  in  this 
workbook. 

Project  1 

DIRECTIONS 

Using  TO  1C-130B-2-4,  answer  the  following  questions  pertaining 
to  engine  removal. 

1.      If  more  than  one  engine  is  removed  from  an  aircraft, 
what  should  be  done  before  removing  the  second  engine?  


2.  What  area  must  be  clear  of  personnel  and  equipment  prior 
to  engine  removal?   

3.  Which  circuit  breakers,  located  on  the  copilot's  side 
circuit  breaker  panel,  must  be  open  prior  to  engine  removal? 


4.      In  what  position  is  the  condition  lever  placed  prior  to 
disengaging  the  engine  controls  from  the  aircraft?   


5.      In  accordance  with  the  general  maintenance  procedures, 
when  should  caps  and  plugs  be  placed  on  openings? 


OPR:    3350  TCHTG  RGL:  N/A 

DISTRIBUTION:  X 

3350  TCHTG/TTGU-J  -  500;  TTVSA  -  1 

Designed  for  ATC  Course  Use.    Do  Not  Use  on  the  Job. 
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Basis  of  Issue 
1/student 
1/student 
1/student 


^P^6.  What  caution  oust  be  observed  if  lifting  any  load  with  the 
10  FM%  10,000  pound  crane?   


7.  What  hoists  may  be  used  in  place  of  the  nacelle  and  engine 
hoisting  unit?  

8.  What  is  the  removed  engine  installed  in  for  transportation? 


9.      Which  tsount  bolts  are  removed  first? 


10.  How  are  the  engine  controls  disengaged  from  the  aircraft 
cable  system?  


11*  In  accordance  with  the  general  maintenance  procedures, 
what  should  all  parts  be  observed  for  duriivg  dismantling?   


12*      What  cleaning  solvent  is  recommended  for  nonferrous  metal*? 


13.  What  position  must  the  throttle  be  in  before  disengaging 
the  engine  controls  from  the  aircraft  cable  system?   


14.  Why  must  the  propeller  be  feathered  bailee  mounting  the 
engine  on  the  trailer?   

15.  What  does  draining  the  fuel  heater  and  strainer  prevent? 


Project  2 

DIRECTIONS 

Using  TO  1C-130B-2-4,  answer  the  following  questions  pertaining 
to  engine  installation. 

1.  What  must  be  done  to  the  upper  and  lover  aount  bolts  prior 
to  reuse?   

2.  What  must  be  done  If  cracks  are  suspected  In  the  tailpipe 
clamp  assembly?   ^  

3.  In  accordance  with  the  general  maintenance  procedures, 
what  standaH  of  lockwire  Is  used?  

2 
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4.     Why  It  specification  MIL-L-21164,  Antiaeire,  Graphit^i^irol- 
atum  Thread  Compound  %  used  to  coat  the  power  packap  *  mounting  bolts 

and  cones  at  reinstallation? 


5.  Which  hydraulic  ays tern  must  be  bled  if  the  power  package 
is  installed  in  the  No.  2  engine  position?  

6.  In  accordance  with  the  general  maintenance  procedures, 
what  diameter  lockwire  is  used  on  electrical  harness  coupling 

nuts?  

7.  What  is  the  final  torque  value  of  the  tailpipe  clamp 
bolts?   

8.  How  much  torque  is  applimd  to  the  fuel  line  connection 
at  the  firewall?  

9.  Why  must  brushless  type  generators  be  matched  with  brush- 
less  regulators  and  brush  type  generators  matched  with  brush  type 

regulators?  

10.  Where  do  you  measure  the  distance  between  the  tailpipe 
clamp  and  the  tailpipe  assembly? 

11.  In  accordance  with  the  general  maintenance  procedures,  what 
does  axial  rotation  of  the  solid  or  broken  line  along  the  length 

of  a  hose  indicate?  

12.  When  installing  the  power  puckage,  whir'  mount  bolts  are 
installed  first?   

13.  What  may  be  necessary  to  achieve  proper  engagement  of  the 
tailpipe  with  the  rear  turbine  bearing  support?   

14.  Why  should  all  foreign  matter  dropped  into  the  engine 
during  maintenance  be  removed?   

15.  What  is  the  part  number  of  the  bolts  used  to  attach  the 
404055-1  nacelle  sling  to  each  side  of  the  nacelle? 
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DIRECTIONS 

U»ing  the  following  information  end  the  applicable  references, 
make  the  correct  entries  on  the  AFTO  Form  349  in    figure  1  and 
the  AFTO  Form  350  in  figure  2. 

1.      Today  you  and  three  assistants  are  dispatched  to  remove 
the  No.  4  engine  for  time  change.    The  engine  removal  began  at  0730 
and  was  completed  at  1145  hours. 


a.  General  Information 
Job  Control  Number: 
Priority: 
Location: 

Time  Specialist 

Required: 

Job  Standard: 
When  discovered: 
Type  Maintenance: 

b.  Aircraft  Data 
MDS: 

SN: 
ID: 
Time: 

Wcrkcenter : 

c.  Removed  Engine  Data 
PN: 

SN: 
Time: 

Workc enter: 
ID: 

Stock  Code: 
Records  Action: 


Current  Julian  Date  and  0013 
3 

X5 

0730 
4  hours 

Special  Inspection 
Special  Inspection 

C-130E,  assigned  to  317  TAW 

63-7815 

AA7815  * 

2372.2  hours 

A2210 

362503-11 

AE104630 

3998.3 

Q3233 

AX4630 

1560-00-188-3610 
Yes 


8,9() 


0M8  NO. 
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1.  LOCATION 
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11.  J00  STO. 
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Figure  1.    AFTO  Form  349. 
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ENGINE  AND  PROPELLER  RIGGING 

OBJECTIVES 

After  completing  this  study  guide  and  your  classroom  instruction, 
you  will  be  able  to  explain  the  purpose,  procedures,  and  tasks  involved 
in  rigging  the  engine  and  propeller*    You  will  also  be  able  to  rig  the 
engine  and  propeller  using  the  appropriate  technical  orders. 

INTRODUCTION 

As  a.  turboprop  mechanic  you  will  learn  the  Importance  of  engine  and 
propeller  rigging  procedures  and  be  able  to  maintain  an  important  part  of 
the  turboprop  power  plant  that  provides  control  of  the  engine  and  pro- 
peller.   This  control  must  be  correctly  rigged  from  the  cockpit  to  the 
engine  and  to  the  propeller* 

INFORMATION 

This  lesson  has  all  the  information  you  will  need  to  know  about  the 
engine  and  propeller  rigging  la  accordance  with  the  steps  that  are  found 
in  TO*  1C-130B-2-4  end  1G-130B-2-11. 

THROTTLE  CONTROL  SYSTEM 

Each  of  the  throttle  levers  in  the  engine  control  quadrant  le  linked 
mechanically  by  cables,  rods,  and  levers  to  a  throttle  shaft  of  the  engine 
control  coordinator  on  the  corresponding  engine,  as  shown  in  figure  1* 
k  throttle  output  lever  on  the  right  side  of  the  coordinator  is  linked  by 
mechanical  linkages  to  a  throttle  lever  on  the  engine  fuel  control*  A 
propeller  output  lever  oa  the  left  side  of  the  coordinator  Is  linked  to 
the  coordinator  throttle  shaft,,  and  Is  connected  by  linkages  to  the 
input  shaft  oa  the  propeller*    A  movement  of  the  throttle  lever  le  trans- 
mitted through  the  mechanical  linkages  and  the  control  coordinator,  and 
causes  a  corresponding  movement  of  both  the  fuel  control  throttle  lever 
end  the  propeller  Input  shaft*    The  forward  and  aft  positions  of  the 
flight  station  throttle  lever  are  TAKEOFF  and  MAXIMUM  REVERSE,  respectively, 
ae  shown  itt  figure  2.    When  moved  aft  from  the  TAKEOFF  position,  the  lever 
hits  m  gate  at  the  FLIGHT  IDLE  position;  it  must  be  lifted  over  the  gate  to 
be  moved  Into  GROUND  IDLE  and  MAXIMUM  REVERSE*    Pointers  on  the  coordinator 
shaft  and  the  fuel  control  throttle  lever  show  their  positions  In  degrees. 
The  two  should  be  within  1  degree  of  each  other  at  all  times.    Each  of  the 
throttle  position*  and  coordinator  positions  should  read  as  follows: 
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Figure  1.  Aircraft  and  Engine  Mechanical  Controls. 
THROTTLE  POSITIONS  COORDINATOR  POSITIONS 


TAKEOFF 
FLIGHT  IDLE 
GROUND  IDLE 
MAXIMUM  REVERSE 


90  degrees 
34  degrees 
18  degrees 
0  degrees 


When  the  throttle  is  below  FLIGHT  IDLE  (34  degrees  on  the  coordinator) 
in  the  taxi  range,  propeller  pitch  is  controlled  directly  by  the  position 
of  the  throttle.    In  this  way,  the  thrust  and  horsepower  produced  by  the 
engine  are  controlled  by  positioning  the  throttle.    Engine  fuel  flow  in 
this  range  is  controlled  by  the  throttle  position  and  by  the  governing 
action  of  the  fuel  control. 
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Figure  2.    Control  Quadrant  Throttle  Lever. 

When  the  throttle  setting  Is  in  the  range  of  FLIGHT  IDLE  or  TAKEOFF 
(34  and  90  degrees,  respectively,  read  on  the  coordinator),  the  propeller 
pitch  Is  controlled  by  the  propeller  governing  system  to  hold  a  100Z  engine 
speed.    The  low  pitch  stop  is  Halted  to  23.25  degrees  for  the  54H60-91 
propellers  on  the  C-130E  airplanes.    As  a  result,  the  engine  speed  will 
not  be  100Z  rpm  when  the  throttle  is  between  34  and  60  degrees  (read  on  the 
coordinator)  during  ground  operation  because  the  engine  will  not  put  out 
enough  power  to  keep  lOCt  rpm  at  this  blade  angle.    The  power  put  out  by 
the  engine  is  controlled  by  the  fuel  control  which  sends  fuel  flow  to  the 
engine  according  to  the  throttle  position.    With  the  throttle  set  above 
65  degrees,  the  electronic  temperature  datum  control  can  control  the  engine 
power  by  altering  the  fuel  flow  as  is  needed  to  hold  the  turbine  Inlet 
teaperature  scheduled  by  a  temperature  selected  potentiometer  in  the 
coordinator.    The  temperature  selector  potentiometer  and  the  two  micro- 
switches  in  the  coordinator  are  controlled  by  the  movement  of  the  throttle. 
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Perform  the  throttle  system  checkout  as  follows: 

1*      Raise  the  throttle  about  0.75  inch  at  the  PLIGHT  IDLE  gate  ani 
let  It  drop.    The  throttle  should  fall  free  with  no  binding  or  interference 
of  any  kind.    Check  the  scale  reading  of  the  throttle  cable  tension 
regulator.    The  scale  reading  should  be  7.5  pounds  plus  or  minus  1  pound 
at  an  ambient  temperature  of  24  degrees  Celsius  (75  degrees  Fahrenheit) . 

2.  Insert  a  rig  pin  through  the  quadrant  cover  Into  the  throttle. 
Insect  a  rig  pin  through  the  bracket  and  pulley,  located  under  the  flight 
station.    Insert  a  rig  pin  through  the  pulley  and  flreseal  bracket  at  the 
vertical  firewall.    The  rig  pin  holes  should  align  so  that  the  rig  pins 
can  be  Inserted.    Shaking  the  cables  at  the  pulleys  may  be  required  to 
line  up  the  holes.    There  should  be  no  evidence  of  rubbing  or  binding  of 
the  control  cables  between  the  control  quadrant  and  the  flreseal  bracket. 

3.  Place  the  condition  lever  in  the  RUN  position.    Move  the  throttle 
to  TAKEOFF.    Check  that  the  reading  on  the  coordinator  pointer  reads  90 
degrees  plus  or  minus  I  degree.    Put  an  alignment  pin,  tool  no.  HS545611, 
through  the  takeoff  slot  in  the  indexing  plate  on  the  propeller  control 
assembly  into  the  Indexing  lever,  see  figure  3,  detail  C.    The  pin  should 
fit  through  the  slot  easily.    Take  out  the  alignment  pin  and  check  the 
reading  of  the  coordinator  pointer  after  moving  the  throttle  to  FLIGHT  IDLE. 
Pull  the  throttle  back  slowly  until  it  Is  against  the  flight  idle  gate. 

The  reading  of  the  coordinator  pointer  should  not  be  more  than  35  degrees. 
Put  the  alignment  pin  in  the  flight  idle  slot  of  the  propeller  indexing 
plate.    Take  the  alignment  pin  out. 

4.  Move  the  throttle  to  TAKEOFF.    Pull  the  throttle  back  to  FLIGHT 
IDLE  in  one  second.    Check  that  the  reading  on  the  coordinator  pointer 
does  not  read  less  than  34  degrees. 

5.  Move  the  throttle  to  the  GROUND  IDLE  position.    Check  that  the 
coordinator  pointer  reads  18  degrees  plus  or  minus  1/2  degree. 

6.  Move  the  throttle  to  the  MAXIMUM  REVERSE  position.    Check  the 
reading  of  the  coordinator  and  put  a  rig  pin  through  the  reverse  slot 
In  the  indexing  plate  on  the  propeller  control.    The  reading  of  the 
coordinator  pointer  should  be  0  degrees  plus  or  minus  1  degree,  and  the 
rig  pin  should  fit  through  the  slot  easily.    Remove  the  rig  pin  and  move 
all  four  throttles  to  TAKEOFF  and  MAXIMUM  REVERSE.    Check  that  the  four 
throttle  handles  are  within  one-half  knob  of  alignment  of  each  other  at 
both  TAKEOFF  and  MAXIMUM  REVERSE.    Each  throttle  should  be  stopped  at  least 
0.2  inch  from  each  end  of  the  slot  In  the  quadrant  cover. 

Adjustment  of  the  throttle  control  system  is  done  In  accordance  with 
figure  4-3  of  TO  1C-130B-2-4. 

QUESTIONS 

1.  What  are  the  four  throttle  positions  and  their  corresponding 
coordinator  position  readings? 

2.  How  is  thrust  and  horsepower  produced  by  the  engine  controlled 
In  the  taxi  range? 
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3.     On  the  54H60-91  propeller,  what  is  the  low  pitch  stop  II 
to  above  the  flight  idle  range? 


4.  How  is  power  produced  by  the  engine  controlled  in  the  flight 
range? 

5.  When  checking  the  throttle  cable  tension  regulator,  what  should 
it  read  at  an  ambient  temperature  of  24  degrees  Celsius? 

6.  With  the  throttle  at  FLIGHT  IDLE,  name  all  the  places  that  you 
should  be  able  to  insert  a  rig  pin? 

7.  What  is  the  tool  number  for  the  rig  pin  used  in  the  propeller 
indexing  plate  and  indexing  lever? 

8.  All  four  throttle  handles  in  the  control  quadrant  should  be 
within  how  much  of  alignment  of  each  other  at  both  TAKEOFF  and  MAXIMUM 
REVERSE? 

ENGINE  CONDITION  CONTROL  SYSTEM 

Each  of  the  condition  levers  in  the  control  quadrant  is  linked 
mechanically  by  cables,  rods,  and  levers  to  a  feather  shaft  in  the  coordina- 
tor, as  shown  in  figure  1.    The  feather  shaft  is  in  line  with  the  coordi- 
nator throttle  shaft  and  sticks  out  from  the  right  side  of  the  coordinator. 
These  mechanical  linkages  that  are  connected  from  the  engine  condition 
lever  give  you  a  manual  feathering  system*    When  the  condition  lever  is 
pulled  aft  to  the  FEATHER  position,  the  linkage  from  the  coordinator 
feather  shaft  to  the  fuel  control  shuts  the  fuel  shutoff  valve.  The 
feather  shaft  then  engages  the  propeller  output  lever  on  the  coordinator 
and  turns  it.    The  propeller  output  lever  sends  the  motion  through  the 
propeller  control  linkages  to  move  the  input  shaft  on  the  propeller  into  the 
feather  position.    The  throttle  shaft  in  the  coordinator  is  disengaged  from 
the  propeller  output  lever  when  the  feather  shaft  engages  the  lever. 

Each  of  the  engine  condition  levers  also  operate  four  switches  in 
the  engine  control  quadrant.    These  are  shown  in  figure  4.    One  of  these 
is  an  air  start  switch  which  is  turned  on  when  the  lever  is  held  in  the 
AIR  START  position.    Actuation  of  the  switch  causes  operation  of  a  relay 
which  puts  power  to  the  auxiliary  pump  motor  of  the  propeller.  Two 
feather  switches  are  actuated  at  the  same  time  that  the  lever  is  moved 
to  FEATHER.    One  switch  closes  the  propeller  auxiliary  pump  motor  and 
feather  solenoid  valve  control  circuits.    The  other  closes  a  circuit  to 
energize  a  fuel  shutoff  valve  actuator  in  the  engine  fuel  control  and 
opens  the  engine  start  control  circuit.    A  ground  stop  switch  is 
actuated  when  the  lever  is  moved  to  GROUND  STOP.    This  switch  completes 
a  circuit  to  energize  the  fuel  shutoff  valve  actuator  in  the  fuel 
control. 

You  perform  the  engine  condition  control  system  check  as  follows: 

1.     Check  this  system  from  the  control  quadrant  to  the  engine  fire- 
wall.   There  should  be  no  interference  or  binding  in  the  cables  or  the 
pulleys.    All  the  turnbuckles  should  be  properly  safetywired  and  all 
guard  pins  should  be  in  place. 
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CONDITION  LEVEI 


GROUND  STOP 
POSITION 


tUN  POSITION 
All  STMT  POSITION 


FEATHCR  POSITION 


Alt  ST  ATT 
SWITCH 


GROUND 
STOP  SWITCH 


FEATHER  CONTROL 
SWITCH 


FU61  SHUTOFF 
SWITCH 


Figure  4.    Control  Quadrant  Condition  Lever. 

2.     Move  tha  condition  lavar  to  tha  FEATHER  poaltlon  and  chack  tha 
raading  on  tha  condition  cab la  tana ion  ragulator  acala.    Tha  acala  raadlng 
ahould  ba  6.5  pounda  plua  or  mlnua  Inuaa  1  pound  at  an  aablent  temperature 
21#C  (70*T).    Saa  TO  1C-130S-2-4,  flgura  4-1 f  for  acala  raadlnga  at  othar 
ambient  temperaturea. 


of 


Flgura  5.    Flraaaal  Bracket. 

3.     Inaart  a  rig  pin  through  tha  condition  control  pulley  on  the 
flraaaal  bracket  Into  the  flraaaal  bracket,  see  figure  5.    The  pulley  may 


8 


ERLC 


900 


4 


r 


LINKAGE  SHOWN 
WITH  CONDITION  LEVER 
IN  "FEATHER"  AND  THROTTLE 
IN  -FLIGHT  IDLE/' 
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LOOKING  OUTSOARD 


Figure  6.    Engine  Coordinator  and  Fuel  Control. 


be  turned  slightly  so  that  the  rig  pin  can  be  put  in,  provided  the  pulley 
will  stay  in  the  ease  place  when  the  rig  pin  is  removed.    If  the  conditions 
of  the  previous  steps  are  met,  the  condition  control  system  from  the  control 
quadrant  to  the  fireseal  bracket  is  properly  adjusted.    Next,  place  the 
throttle  in  the  FLIGHT  IDLE  position  and  move  the  condition  lever  to 
FEATHER.    Check  to  see  if  the  lever,  figure  6  (1),  is  against  the 
coordinator  external  feather  stop  (10). 

4.  Place  a  rig  pin,  tool  no.  546455  or  alternate  part  no.  6796757, 
through  the  feather  slot  in  the  indexing  plate  on  the  propeller  control 
into  the  lever.    Take  out  the  rig  pin. 

5.  Grip  the  pulley,  figure  7,  in  both  hands  and  turn  it  clockwise 
until  the  propeller  indexing  lever  (1)  has  passed  the  feather  slot  in  the 
index  bracket  (2) »    Release  the  pulley  and  the  indexing  lever  should  go  back 
to  the  feather  position. 

6.  Move  the  conditi      lever  to  the  RUN  position.    Pull  the  condition 
lever  back  to  the  FEATHER  position  with  a  spring  scale.    The  spring  scale 
reading  should  be  between  13  and  15  pounds  when  the  condition  lever  gets 

to  the  FEATHER  detent,  see  figure  8. 


7.      If  the  previous  conditions  are  met,  the  condition  control  system 
from  the  fireseal  bracket  to  the  propeller  is  properly  adjusted.    If  the 
conditions  were  not  met,  and  some  adjustments  need  to  be  made,  adjust  the 
engine  condition  controls  from  the  control  quadrant  in  the  flight  deck 
through  the  coordinator  as  shown  in  steps  1  through  27,  and  the  final 
adjustments  in  steps  28  through  33  of  figure  4-1  in  TO  1C-130B-2-4.  Adjust 
the  linkage  from  the  coordinator  to  the  propeller  control  in  accordance 
with  TO  1C-130B-2-11. 
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1.  What  .re  the  four  position,  of  the  engine  condition  lever  in  the 
cockpit? 

2.  Whet  .re  the  four  witch.,  operated  by  the  condition  lev*r? 

3      Whet  ~v  be  done  if  .  rig  pin  cannot  be  inserted  in  the  condition 
control  pulley  on  the  fireaeal  bracket? 

4.  With  the  throttle  in  FLIGHT  IDLE  .*  * 
FEATHER,  through  what  .lot  In  the  i^"«?P 
assembly  will  «n  aligtuient  pin  be  inserted? 

5.  In  accordance  with  what  TO  and  figure  is  final  adju.t-.ent  of  the 
condition  control*  adjusted? 

ENGINE  COORDINATOR-TO-FUEL  CONTROL  LINKAGE 

You  perfor.  the  coordinator  to  the  fuel  control  linkage  check  as 
follow: 

l.     Ho,,  th.  condition  l.v.r  to  *. 
re.d  34  degree*. 


Figure  9.    Engine  Coordinator. 

sees      rr<  s^^j^x-isr^ 
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so  that  the  thread  engagement  with  the  rod  ends  is  equal.  The 
witness  holes  must  be  covered.    Connect  the  rod  (8)  to  the  throttle  lever 
(7).    Adjust  the  rod  so  that  the  coordinator  and  the  fuel  control  pointers 
both  read  34  degrees.    Lever  (7)  and  lever  (3)  should  be  parallel.  Remove 
the  rig  pin  from  the  clevis  lever  at  this  time. 

4.  Move  the  throttle  from  TAKEOFF  to  MAXIMUM  REVERSE.    The  readings 
of  the  coordinator  and  the  fuel  control  pointers  should  read  within  1  degree 
of  each  other  at  all  points. 

5.  Reconnect  the  rod  assembly  (2)  to  the  coordinator  condition  lever 
(9).    Move  the  condition  lever  to  the  FEATHER  position.    Lever  (1)  should 
rest  on  top  of  the  external  feather  stop  (10).    Check  that  the  fuel  cutoff 
rod  (4)  measures  2-23/64  inches  plus  or  minus  1/64  inch  from  each  of  the 
bolt  hole  center*. 

6.  After  installing  the  linkage  and  tightening  the  jam  nuts,  operate 
the  throttle  linkage  through  its  entire  range  with  the  condition  lever 

in  the  GROUND  STOP  detent  and  again  with  the  condition  lever  in  the  RUN 
detent.    If  interference  occurs,  check  for  loose  linkage  bolts  and/or  rod 
end  jam  nuts  and  rotate  the  rod  ends  as  necessary. 

QUESTIONS 

1.  What  is  the  range  of  the  fuel  control  pointer  in  degrees? 

2.  Within  how  many  degrees  of  each  other  should  the  fuel  control 
and  coordinator  pointers  read? 

3.  What  should  be  checked  if  interference  occurs  when  operating  the  -J 
throttle  linkage  through  its  entire  range  during  coordinator  to  fuel 

control  rigging? 

ENGINE  COORDINATOR-TO-PROPELLER  RIGGING 

This  rigging  is  necessary  to  make  sure  that  the  propeller  blade  angle 
corresponds  to  the  amount  of  fuel  being  fed  to  the  engine.    The  rigging 
of  the  propeller  linkage  must  be  done  if  the  engine,  propeller,  valve 
housing,  or  pump  housing  is  replaced. 

Before  you  start  propeller  rigging,  make  sure  that  the  engine  is 
properly  rigged  from  the  cockpit  to  the  engine  coordinator.    You  will 
check  the  coordinator  pointer  (1),  figure  3,  detail  A,  position  for  all 
throttle  positions.    With  the  throttle  at  TAKEOFF,  the  coordinator  will 
read  90  degrees.    At  FLIGHT  IDLE,  the  coordinator  will  read  34  degrees  and 
at  GROUND  IDLE  it  will  read  18  degrees.    When  the  throttle  is  in  the 
MAXIMUM  REVERSE  position  the  coordinator  will  read  0  degrees.    The  condi- 
tion lever  must  be  in  the  RUN  position  to  place  the  coordinator  as  it  will 
be  in  flight  or  with  the  engine  running. 

A  system  of  cables  and  pulleys  connect  the  throttle  and  condition  lever 
to  the  coordinator.    Pushrods  and  bellcranks  make  up  the  linkage  that 
cc:?mects  the  coordinator  to  the  propeller  turbo  control,  shown  in  figure  3. 
The  pushrods  can  be  shortened  or  lengthened  to  get  proper  positioning  of 
the  input  shaft  on  the  turbo  control  valve  housing  assembly.    The  use  of  J 
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mechanic  to  adjust  the  linkage  « 
See  details  B  and  C  in  figure  3. 

fir«t  nlace  the  condition  lever  in 
To  rig  the  propeller,  you  will  first  placet  ^  ^  e 

RUN.    Then  place  the  throttle  in  the FLIGHT  ID     p  ^ 
is  correctly  adjusted,  you  will  be  able  to  ^       ^  ^  plflte> 
SSSTc^iS  fnThe'alphrsLf;  inside  the  valve  housing  assembly. 

If  the  rig  Pins  cannot  be  placed  in  the  linage  rig  Proles,  the 
pushrods  will  have  to  be  ad 3«ted  jo  cor rectly       gj^  ^  ^  the 

2^^.^*.  in^IMn  have  to  be  adjusted. 

When  all  rig  pins  can  be  placed  f  ^ 

not  align,  again,  the  P^^^e  throttle  positions.    The  pro- 
Tefrfin^ 

SriS1;^  Position. 

These  steps  and  adjustments  of  the  propeller  rigging  will  be  in 
accordance  with  TO  1C-130B-2-11. 

QUESTIONS 

!       why  «.t  the  propeller  centre!  linage  be  rigged  correctly . 

2  whet  .est  be  checked  prler  te  et.rtlng  tbe  prepeller  rigging* 

3  Whet  will  the  engine  ceerdineter  reed  when  the  throttle  i. 
pieced  in  the  FLIGHT  IDLE  position? 

4.  in  whet  Poeition  „et  the  condition  lever  be  in  to  begin  your 
rigging  procedures  and  why? 

5.  How  do  you  fcnow  when  the  control  linage  i.  properly  rigged? 

*    v  i         the  valve  housing  indexing  plate  will 

6.  All  but  the  rig  pin  hole  onthe  valve  fee  ^  to 
align  at  the  FLIGHT  IDLE  position.    Where  wo 

correct  this  problem? 
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Jet  Engine  Branch  3ABR42633-$$2* 
Chanute  APBf  Illinois  5  May  1980 

ENGINE  AND  PROPELLER  RIGGING 

OBJECTIVE 

After  completing  this  workbook  and  your  classroom  instruction, 
you  will  be  able  to  rig  (adjust)  engine  and  propeller  control  systems 
using  appropriate  technical  orders. 

EQUIPMENT 

Basis  of  Issue 

ID  1C-130B-2-4  1/student 
TO  1C-130B-2-11  1/student 

PROCEDURE  . 

Follow  the  directions  given  for  each  project  in  this  workbook. 

Project  1 

DIRECTIONS 

Using  TO  1C-130B-2-4,  figure  4-1,  complete  the  following  statements* 

1.  Pointers  on  the  coordinator  shaft  and  the  fuel  control  throttle 
lever  indicate  their  positions  in         •'  • 

2.  Adjust  the  cables  ?or  an  engine  ;  in 

small  increments  to  keep  the  tension  regulator  from  • 


3.  When  adjusting  turnbuckles»  not  more  than  threads  of 
each  end  fitting  should  be  _p— _  out  of  the  turnbuckle. 

4.  ,  When  adjusting  the  engine  condition  control  aystemf  check 
that  the  witness  holes  in  the  rod  assembly  barrels  are  ■ 

5.  When  connecting  the  rod  assembly  to  the  lever  during  engine 
condition  control  system  adjustment,  insert  the  bolt  so  that  the  nut 

is  ,  the  ,         of  the  engine . 

6.  The  temperature  datum  system  will  be  checked  in  accordance 

with  TO  m   t  section  »  after  mechanical  control 

rigging  is  completed. 
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Project  2 

Drtt£rions 


Using  ?0  1C- 1301-2-4 ♦  figure  4-2,  answer  the  following  questions 
and  complete  the  Incomplete  statements. 


I.  What  must  the  coordinator  pointer  read  with  the  throttle 
lever  in  the  "flight  tile"  position  snd  the  condition  lever  in  the 


"run"  position? 


Z,     What  must  be  done  If  there  is  a  lock  plug  in  the  coordinator? 


y.     When  adjusted  properly,  the   pointer  and 

 pointer  will  both  indicate  34  degrees* 


4.  lighten  the  feel  control  lever  end  throttle  lever. mlcrometic 

screw  1/4"- 20  self -locking  nets  to  a  torque  value  beti 
inch-pounds. 

5.  ted  ends  should  be  replaced  when  the  


!•     .If  a  power  pmchsge  hen  keen  replaced*  connect  the  replacement 

package  controls  to  the  aircraft   by  performing 

•tape   . 

•  2»     When  adjusting  cable  length,  exercise  care  nhan  installing 
a  locking  clip  or  eefety^wtring  the  tornbuckle  to  avoid  turning  the 
•    -    ud  ±a  the  cable. 

3.     tib at  must  the  oahle  tension  be  after  adjusting  the 
turnbuckles?  _  

4«     What  must  the  coordinator  pointer  indicate  vdien  the  throttle 
is  wed  to  "ground  idle"  position?  


5*     Defer  to  TD   to  adjust  the  engine 

coordlnetor-to-propeller 'control  assembly  linkage * 

6.     Check  all  turnbwcltles  for  proper  Installation  of  

or  « 

907 


to  tho  ■awnrtm  t»ol«  of  tbs  rod  sscood*  . 

.  Project  3  •; 

CUtftCTIGHS  — ^ 

Obia*  TO  1C-130-2-4,  Itguro  4-3 ,  stops  13-48  „  snswsr  tho  following 
qoostloas  -sod  coaplstn  tbs  incoapl^te  statssjsats« 
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DIRECTIONS 


Using  TO  1C~130B~2-11,  figure  4-6,  answer  the  following  questions 
and  complete  the  incomplete  statements. 

1.     With  the  throttle  lever  in  the  " takeoff11  position,  the 

pointer  on  the  coordinator  protractor  should  be  at  the  


2.     What  is  the  number  of  alignment  pin  tool  inserted  through 
the  flight  idle  slot  of  the  valve  housing  cover  index  bracket? 


3.  With  the  throttle  lever  in  the  "reverse"  position,  the 
pointer  on  the  coordinator  protractor  should  be  at  the   

4.  Check  the  linkage  through  range  of  travel  for 

 or  . 

5.  All  bellcrank  3/8"-24  self-locking  nuts  wist  be  torqued  to 
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SYNCHROPHASER  THEORY  AND  OPERATION 


OBJECTIVE 


After  completing  this  study  guide  and  your  classroom  instruction, 
you  will  be  able  to  explain  synchrophaaer  theory  and  operation  and 
trace  the  operation  of  the  synchrophaaer  system  on  a  block  diagram. 

INTRODUCTION 

You  have  been  introduced  to  the  Hamilton  turbopropeller  and  the 
parts  of  the  turbocontrol  assemblies.    Your  past  knowledge  and  introduction 
to  this  propeller  is  not  complete  without  the  synchrophasing  system.  This 
system  controls  and  keeps  a  constant  desired  engine  RPM  and  it  keeps  a 
relative  position  of  all  four  propeller  blades.    This  maintaining  of  the 
relative  position  is  called  synchrophasing.    Synchrophasing  will  decrease 
noise  and  vibration  on  the  aircraft. 

INFORMATION 

The  four  main  parts  of  the  synchrophaser  system  are  the  pulse  generator, 
electronic  unit,  propeller  manual  phase  and  trim  control,  and  the  speed  bias 
servocontrol,  as  shown  in  figure  1.    The  tachometer  generator  on  each  of  the 
engines  is  connected  to  the  speed  sensing  circuit,  see  figure  4. 


A  pulse  generator  is  put  on  each  propeller  and  consists  of  a  moving 
magnet  and  a  fixed  coil.    The  magnet  is  attached  to  a  moving  part  of  the 
propeller.    As  the  magnet  moves  past  the  coil,  a  voltage  is  induced  and  a 
pulse  is  generated.    The  rotating  propeller  and  magnet  will  generate  one 
pulse  for  each  revolution.    See  figure  4. 


The  electronic  unit  gets  its  information  from  the  pulse  generator 
and  from  the  throttle  levers.    This  voltage  is  needed  to  drive  the 
speed  bias  servocontrol  which  is  mounted  on  each  propeller. 

The  synchrophaser  electronic  unit  is  housed  in  ventilated  pro- 
tective cover  and  has  six  plug-in  panels  which  are  made  up  of  printed 
circuit  panels  on  which  are  mounted  vacuum  tubes,  transistors,  and 
other  electrical  parts.    See  figure  1. 

The  electronic  unit  of  the  synchrophasing  system  keeps  a  constant 
engine  speed  and  controls  all  the  blade  positions  (phase  angles)  by 
continually  comparing  the  three  slave  propeller  pulse  signals  with 
the  master  pulse.    The  difference  between  the  master  and  the  slave 
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Figure  1.    Electronic  Synchrophaeer. 

Mi!\itC*U!d  fC  frvr  volta*e-  voltage  is  used  to  drive  the  speed 

bias  servocontrol  of  the  slave  propellers. 

anH  a^LSr'!!0?10  unittU8es  the  fr°»  an  anticipation  potentiometer 

end  an  engine-driven  tachometer  generator  to  keep  the  engine  speed  constant 

2s??™ thf :rMth; tlrttle iever been tr;iSti« 

2^»22mS  fntlcip*tion  P°tentiometer.  See  figure  4  (D).  Signals  from 
III  I  "?  t0.the  8Vnchr°Pha«er  which  will  electrically  control 

the  two-phase  motor  in  the  speed  bias  servo  assembly.    In  this  way,  the 
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synchrophas  Q^Acipates  changes  in  engine  speed  due  to  the  throttle 
lsver  being  sx/\ed,  snd -keeps  the  engine  from  over speeding  or  under- 
speeding  for  ell  throttle  lever  movements.    When  engine  speed  is 
increasing  or  decreasing  during  or  just  after  a  throttle  movement,  the 
synchrophaser  electrically  changes  a  signal  from  the  tachometer  generstor 
into  an  engine  speed  rate  of  change.    The  synchrophaser  then  sends  an 
increase  or  decrease  pitch  signal  to  the  two-phase  motor  which  acts  on 
the  pilot  valve  to  keep  a  constant  engine  speed. 

PROPELLER  PHASE  AND  TRIM  CONTROL 

The  propeller  manual  phase  and  trim  control  determines  the  phase  angle 
of  the  sieve  propellers  in  relation  to  the  master  propellers.    See  figure 
*»  (C)  • 

The  propeller  manual  phase  control  has  a  master  engine  speed  trim 
knob,  six  screwdriver  sdjusting  potentiometers,  and  a  relay.    This  control 
gives  you  a  preselection  of  the  desired  phase  angle  relationship  between 
the  master  and  the  slave  propellers,  and  for  the  adjustment  of  the  speed  of 
the  engine  that  is  selected  as  the  master. 

The  master  engine  speed  trim  knob  of  the  manual  phase  snd  trim  control 
provides  for  a  master  engine  speed  adjustment  of  t  1%  rpm. 

SPEED  BIAS  SERVOCONTROL  ASSEMBLY 

The  speed  bias  servocontrol  gets  the  control  voltage  as  a  signal  to 
change  the  speed  setting  of  the  propeller.    As  the  voltage  repositions  the 
speed  bias  motor,  the  motor  will  change  the  speeder  spring  tension  in  order 
to  set  the  pilot  vslve  which  will  meter  oil  to  the  dome  to  cause  a  blade  * 
angle  change.    This  will  provide  the  desired  speed  change.    See  figure  4. 

The  speed  bias  servocontrol  is  msde  up  of  a  two-phase  motor,  figure  1, 
item  F,  a  magnetic  clutch  and  the  brake  unit,  figure  l,  item  E,  a  feedback 
potentiometer,  figure  1,  item  C,  a  reduction  gear  train,  figure  1,  item  D, 
and  the  associated  wiring,  ell  are  mounted  on  a  frame  base.    Each  propeller 
has  a  speed  bias  servocontrol  in  the  control  assembly.    The  servomotor  is 
reversible  so  that  it  can  cause  an  increase  or  decresse  change  to  the  engine 
and  propeller  speed.    The  direction  of  rotation  of  the  motor  is  dependent 
upon  which  of  the  two  windings  in  the  motor  has  the  controlling  voltage  sent 
to  it • 
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Figure  2.    Pilot's  Pedestal. 

The  output  signal  from  the  synchrophase  electronic  unit  will  correct  the 
slave  engines  within  r  2Z  of  the  master  engine  speed.    This  is  to  stop  the 
slave  engines  from  following  the  master  engine  too  much  in  the  event  of  a 
malfunctioning  master  engine.    If  more  than  a  2Z  change  is  desired,  the 
pilot  can  push  the  "resynch"  switch,  found  on  the  pilot's  pedestal,  see 
figure  2,  let  it  go,  end  the  servo  bias  motor  will  reposition  itself  to 
allow  another  two  percent  correction  to  be  made.    See  figure  4  (B) . 

When  the  resynchrophasing  switch  is  released,  at  least  one  minute 
ia  required  for  the  change  to  take  place,  or  before  resynchrophasing 
can  be  done  again.    With  each  "resynch"  operation,  the  slave  servomotor 
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cotr.ction  to  k«p  phu>  «»>  •^'f^h^.tng  operation  after 
prop.ll«r.    It  i.  important  to     f^'^J,  tho  mootor 
^.XTiflZ  2  f^rr^'ensin.  to  tHe  otfcer. 

SYNCHROPHASE  MASTER  SWITCH 

PUR  2    ENG  3,  and  OFF.    See  figure  2. 

"  nL  Ho.  ,  ot  t„.  Ho.  3  Ptopouet  w  «j J- J  -  -~  » 
disconnected. 


PROPELLER  GOVERNOR  CONTROL  SWITCH 


Figure  2.    Copilot's  Side  Shelf. 

^.e  feu.  — pr«i^o„i.  ^uco  - «.  ^•s-s^pssss': 

side  -panel.    See  rigure  3.    When  cney  ar    p  removing  the 

all  the  signals  to  the  propeller  cont «*£rTJJ2!«t  works  only  on  the 
reference  voltage,  ^h«T are  in  the  NORMAL  position,  the 

Tr^XA  S=  £  —aser  system. 

SUMMARY 

ft,  .yochroph^ing  sy.te»  1.  used  to  .£ ["J**  ^"tSl. 

work  together  to  keep  those  settings. 
QUESTIONS 

1.  What  are  the  four  main  units  of  the  synchrophasing  system? 

2.  What  is  the  purpose  of  the  pulse  generator? 
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HAMILTON    TURCO9YNCHR0PHASER  BLOCK  O1A0RAM 
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ANTICIPATION 

POTENTIOMETERS 
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CONTROL 
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3YNCHROPMA3E  MASTER  SWITCH 

PROP  RE3YNCHR0PHASE  SWITCH 

SYNCHROPHASE  OlSARMING  SWITCH 

ANTICIPATION  POTENTIOMETER 

PROPELLER  GOVERNOR  CONTROL  SWITCM 

FEE 08 AC K  POTENTIOMETER 

MANUAL  PHASE  ANO  MASTER  TRIM  CONTROL 

SERVO  BIAS  MOTOR 

SPEEO  BIAS  BRAKE  LEVEft 

SPEEOER  SPRINO 

GOVERNOR  PILOT  VALVE 

GOVERNOR  FLYWEIGHTS 


20  V.  AC 


MAX 


TACH  GEN 


MASTCft  P\IL*l 


isv  a.c.  NO.  2  ENGINE 

coil  MASTER 


SLAVE  PULSE 


NO.  3 

PULSE 

GEN 


Figure  4.    Hamilton  Turbo 8ynchrophaser 
Block  Diagram. 
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